Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


DEPAETMENT    OF    THE    IHTEEIOB 


WATER-SUPPLY 


IRRIGATI0N   PAPERS 


UNITED  STATES  GEOLOGICAL  SURVEY 


N"o.  40 


WASHINGTON 

GOTBBMMBKT    PBUrEIKO    OFFIOH 

1900 


UNITED  STATES  GEOLOGICAL  SURVEY 

CHARLES  D.  WALCOTT.  DIRECTOR 


THE  AUSTIN  DAM 


THOMAS   TT.    TAYLOR 


WASHINGTON 

QOTBBNUEHT    PBINriNa    OFFIOE 
1900 


CONTENTS. 


Page. 

Letter  of  transmittal 7 

Introdnction 9 

Preliminary  projects 12 

Coostmction  of  dam 17 

Leak  under  head  gate 27 

Flow  of  Colorado  River 80 

Economic  aspect 34 

Silting  np  of  Lake  McDonald 36 

Failnreof  tbedam 41 

Index 51 

5 


ILLUSTRATIONS. 

Page. 

Plate  I.  A,  View  of  dam,  looking  east  toward  power  honse;  B,  View  of 

dam,  looking  west  from  power  house 9 

IL  Af  Freshet  flowing  through  gap  in  partially  completed  dam;  B, 

River  flowing  through  main  gap  in  partially  completed  dam. . .        13 

III.  Af  Closing  gap  in  dam;  B,  Dam  nearing  completion,  February, 

1898 14 

IV.  A,  Head-gate  masonry  and  penstocks;  B,  Laying  the  last  stone, 

May  2, 1898 16 

V.  Resistance  line  of  dam 24 

VL  A,  Power-house  foundations  and  outlet  pipes  from  turbines;  B, 

Limestone  strata  at  head  gate 26 

VII.  Af  Discharge  of  lake  through  dam,  or  the  so-called  ''spring;" 

£,  View  showing  two  methods  employed  to  stop  leak 28 

VIII.  A,  Marble  Falls,  above  Lake  McDonald;  B,  View  up  river  from 

Mount  Bonnel,  after  destruction  of  dam 80 

IX.  A,  View  of  dam  five  minutes  before  failure  on  April  7, 1900;  B, 
Flood  pouring  over  dam  on  Jane  7, 1899 ;  lake  level  9. 25  feet  above 

crestofdam 32 

X.  A,  View  three  minutes  after  failure  of  dam;  £,  View  ten  minutes 

after  failure  of  dam 34 

XL  A^  View  about  two  hours  after  break;  B,  View  one  hour  after 

break 36 

Xn.  A,  View  about  850  feet  below  dam,  showing  waves  thought  to 
be  due  to  secondary  dam  formed  by  debris  from  wreck;  B, 
Power  house  of  Austin  Water,  Light,  and  Power  Company, 

about  2  miles  below  broken  dam 38 

XIIL  A,  View  upstream  one  day  after  failure  of  dam;  B,  View  west- 
erly along  line  of  dam  one  day  after  failure 40 

XIV.  A,  View  of  power  house  about  two  hours  after  failure  of  dam;  B, 

Wreck  of  power  house 42 

XV.  Af  Western  portion  of  dam  remaining  after  break;  B,  Portions  of 

broken  dam  brought  down  by  flood 44 

XVI.  A,  Broken  dam,  showing,  in  foreground,  sand  bar  left  in  main 

channel;  B,  Remnants  of  dam 46 

Fig.  1.  Watershed  of  Colorado  River  above  Austin,  Texas 10 

2.  Index  map  of  lines  of  soundings  across  Lake  McDonald,  above 

Austin,  Texas 16 

8.  Cross  sections  of  dam:  Left  side  as  proposed  by  Frizell;  right  side 

as  constructed  by  Fanning 23 

4.  Saddle  used  on  cable  conveyor 26 

5.  Section  and  sketch  plan  of  bulkhead,  showing  location  of  power 

house  and  penstocks 28 

6.  Cross  sections  of  Lake  McDonald,  illustrating  accumulation  of  sedi- 

ment between  1893  and  1897  and  between  1897  and  1900 37 

7.  Generalized  cross  section  of  Lake  McDonald,  showing  accumula- 

tion of  sediment * 38 

8.  Layer  of  silt  remaining  on  plateau  after  destruction  of  dam 89 

9.  Curve  illustrating  progress  of  silting  in  Lake  McDonald 41 

10.  Planshowingbreakindam  April  7, 1900...    42 

11.  Cross  section  showing  undermining  of  toe  of  dam 47 

12.  Geologic  section  east  and  west  along  Colorado  River  at  Austin, 

Texas,  showing  Balcones  zone  of  faulting 48 

6 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington^  September  20^  1900. 

Sm:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Prof.  Thomas  U.  Taylor,  of  the  University  of  Texas,  upon  the 
Austin  dam,  for  publication  in  the  series  of  papers  upon  water  supply 
and  irrigation.  This  relates  to  a  project  which  in  many  ways  is  of 
great  interest  to  engineers,  investors,  and  citizens  having  to  do  with 
water-power  and  irrigation  projects.  There  are  many  useful  lessons 
to  be  drawn  from  the  history  of  such  an  enterprise,  for  it  often 
happens  that  failure  is  more  instructive  than  success.  Throughout 
the  United  States  many  communities  are  now  discussing  the  utiliza- 
tion of  water  power  for  irrigation  or  other  industrial  purposes,  and 
they  may  be  saved  from  mistakes  or  be  led  to  adopt  precautionary 
measures  by  a  clear  understanding  of  the  causes  of  the  disasters  which 
have  occurred  from  the  neglect  of  certain  precautions. 

In  this  pax)er  the  author  describes  the  preliminary  projects,  the 
construction  of  the  dam,  the  dif&culties  encountered,  the  silting  up 
of  the  storage  reservoir,  and,  finally,  the  failure  of  the  structure 
and  the  probable  causes  which  led  to  the  catastrophe.  The  attempt 
is  made  to  present  these  facts  from  the  engineering  standpoint  and 
without  unduly  reflecting  upon  the  motives  or  characteristics  of  the 
individuals  concerned.  The  object  is  simply  to  state  the  facts  as 
they  are  understood,  so  that  they  may  be  available  to  persons  who  are 
interested  in  projects  of  this  character. 

The  necessity  of  water  conservation  is  so  great  and  public  appre- 
ciation of  the  matter  has  reached  such  a  point  that  the  construction 
of  large  dams  will  undoubtedly  be  entered  upon  in  various  parts  of 
the  country,  notably  in  the  arid  region  of  the  West.  There  are  many 
places  where  such  structures  will  without  doubt  be  successful,  and 
there  are  other  cases  where  the  situation  must  be  studied  with  ex- 
treme care  and  where  great  caution  must  be  exercised  in  the  prepa- 
ration of  plans  and  in  the  selection  of  locations.  The  attitude  most 
to  be  feared  is  that  sometimes  adopted  by  a  community  where,  after 
discussing  the  benefits  of  water  conservation,  the  public  as  a  whole 
becomes  convinced  of  its  importance,  and  in  a  condition  of  excitement 
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incurs  large  debts,  usually  in  the  form  of  bonds,  to  push  forward 
some  project  not  sufficiently  matured.  The  eagerness  to  attain 
results  leads  the  people  to  disregard  or  pass  lightly  over  the  warnings 
of  the  engineers  or  their  requests  to  be  given  sufficient  time  to 
thoroughly  work  up  all  of  the  preliminary  information.  The  public 
applauds  the  sentiment  of  building  the  structure  first  and  making 
the  plans  afterwards,  forgetting  that  the  structure  is  to  last  an  indefi- 
nite time,  and  that  a  slight  error  at  the  outset,  due  to  lack  of  knowl- 
edge, may  subject  the  community  to  enormous  and  useless  exx>endi- 
tures  of  money  or  result  in  loss  of  property  and  life.  This  is  not  an 
imaginary  condition,  for  at  the  present  time  several  cities  or  counties 
of  the  West  are  in  the  position  in  which  the  city  of  Austin  was  at 
the  time  of  the  adoption  of  the  water-power  project.  They  are  urg- 
ing immediate  construction  in  order  to  reap  the  benefit  during  this 
time  of  drought,  and  are  inclined  to  treat  with  disdain  any  intima- 
tion that  their  knowledge  of  the  water  supply,  of  the  amount  of  silt 
brought  down  by  the  stream,  and  of  the  character  of  the  foundation  of 
the  dam  is  too  vague  to  justify  the  incurrence  of  an  enormous  debt. 

It  is  for  these  reasons  that  this  paper  is  offered  for  publication.  It 
will  serve  to  answer  many  of  the  inquiries  made  from  various  parts 
of  the  country  and  to  emphasize  the  importance  and  practical  appli- 
cation of  the  work  of  this  division  of  the  United  States  Geological 
Survey. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Cha/rge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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THE  AUSTIN  DAM. 


By  Thomas  P.  Taylor. 


INTRODUCTION. 

Austin,  the  capital  city  of  the  State  of  Texas,  is  situated  on  Colo- 
rado River,  about  200  miles  from  its  mouth  at  the  Gulf  of  Mexico. 
The  drainage  area  of  this  river  above  the  city  is  37,000  square  miles. ^ 
The  position  of  the  city  of  Austin  with  relation  to  the  watershed 
is  shown  in  fig.  1,  This  watershed  extends  from  relatively  humid 
regions  in  the  vicinity  of  Austin  westerly  into  the  subhumid  or  semi- 
arid  Staked  Plains.  From  1856  to  1881  and  from  1885  to  1899,  inclu- 
sive, a  period  of  forty-one  years,  the  rainfall  at  Austin  averaged  32.52 
inches,  as  is  shown  by  the  table  on  page  32.  The  rainfall  over  the 
entire  watershed  may  be  assumed  to  be  about  two-thirds  of  this,  or 
approximately  20  inches  annually. 

A  water  power  was  created  on  Colorado  River  a  short  distance  above 
the  city  of  Austin,  as  related  in  the  following  pages.  After  the  dam 
was  completed  the  project  was  found  to  be  only  partially  successful, 
as  the  amount  of  water  in  Colorado  River  fell  far  short  of  the  original 
prediction's.  There  was  at  the  inception  a  lack  of  hydrographic  knowl- 
edge, e8i)ecially  in  regard  to  the  minimum  flow  of  the  river,  and  other 
information,  now  known  to  be  vital  to  the  proper  location  of  the  dam, 
was  not  obtained.  Finally,  during  the  great  flood  of  April  7,  1900, 
the  dam  was  destroyed,  with  great  loss  of  life  and  property. 

From  measurements  taken  in  March,  1890,  it  was  concluded  that 
the  minimum  flow  of  Colorado  River  was  1,000  cubic  feet  per  second. 
Upon  this  basis,  and  upon  the  assumption  that  this  minimum  flow 
would  be  held  back  nights  and  Sundays  and  utilized  only  sixty  hours 
a  week,  it  was  concluded  that  the  flow  over  the  Austin  dam  would 
develop  naore  than  14,000  horsepower.  The  city's  demands  were 
placed  at  2,000  horsepower,  and  it  was  the  intention  to  sell  to  manu- 
facturers the  surplus  of  12,000  horsepower. 

On  May  28,  1896,  when  power  was  being  furnished  for  pumping, 
for  city  lighting,  and  for  city  motors,  the  level  of  Lake  McDonald 

^  The  Colorado  River  of  Texas  should  not  be  confused  with  the  Colorado  River  of  the  West, 
which  is  formed  by  the  junction  of  the  Grand  and  Green  rivers  in  eastern  Utah,  flows  southerly 
throuffh  glcantic  canyons,  and  finally  empties  into  the  Gulf  of  California. 
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sank  below  the  oiest  of  the  dam  and  remained  below  until  July  6, 
reaching  its  minimum  (6.7  feet  below  the  crest)  on  July  1.  It  was 
also  below  the  crest  from  August  6  to  August  25  and  from  September 
10  to  September  22.  This  condition  was  sufllcient  evidence  that  the 
minimum  flow  could  not  furnish  even  900  horsepower,  while  5,227 
horsepower  had  been  counted  upon.  It  was  apparent  that  much  of 
the  inflow  was  lost  by  evaporation,  the  area  exposed  to  evaporation 
being  3  square  miles  and  the  low  level  occurring  during  the  hottest 
part  of  the  summer. 

Notwithstanding  this  evidence  that  the  river  could  not,  during  cer- 
tain seasons,  furnish  power  for  its  existing  load  of  water,  lights,  and 
motors,  early  in  1897  the  Rapid  Transit  Street  Railway  and  the 
Dam  and  Suburban  Railway  were  added  to  the  list  of  power  con- 
sumers.   After  that  the  energy. developed  by  the  water  power  was 


Fio.  1.— Watershed  of  Colorado  River  aboye  Anstin,  Teza& 

utilized  (1)  in  pumping  water,  (2)  in  furnishing  light  to  city  and  citi- 
zens, (3)  in  running  the  Rapid  Transit  Street  Railway,  (4)  in  running 
the  Dam  and  Suburban  Railway,  and  (5)  in  running  the  motors  of 
various  users  of  power  in  the  city — such  as  for  planers,  printing 
presses,  etc.  To  supply  all  of  these  demands  required  a  total  average 
of  1,000  horsepower. 

On  July  4,  1897,  the  water  again  dropped  below  the  crest  of  the 
dam,  but  it  flowed  over  again  on  July  17.  It  was  also  below  a  few 
days  in  August,  October,  and  November,  and  the  whole  of  December. 
On  January  1,  1898,  the  water  was  2.3  feet  below  the  crest,  and  it  did 
not  again  flow  over  until  April  13.  The  lake  level  was  below  the  crest 
part  of  the  months  of  August  and  September,  and  it  again  dropped 
below  on  October  10  and  continued  below  until  April  20,  1899,  reach- 
ing a  depth  of  10.68  feet  below  crest  on  March  29.  From  March  15  to 
April  17  it  was  more  than  10  feet  below  the  crest.     It  again  dropped 
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below  the  crest  on  August  9,  and  remained  below  until  October  29, 
reaching  a  maximum  of  10.45  feet  below  on  October  3.  Thus  during 
the  year  1899  the  water  was  below  the  crest  of  the  dam  one  hundred 
and  ninety-one  days,  during  seventy  of  which  the  lake  level  was  more 
than  10  feet  below  the  crest,  and  during  one  hundred  and  sixty-seven 
it  was  more  than  5  feet  below.  The  evidence  was  abundant  and  unmis- 
takable  that  the  flow  was  not  suf&cient  to  carry  the  city  water  supply, 
the  street  lighting,  the  street-car  systems,  and  the  motors  used  in  the 
city.  Early  in  1899  measurements  were  made  at  the  head  of  the  lake, 
at  Marble  Falls,  at  the  forebay,  at  the  tailrace,  and  at  the  station 
below  the  railroad  bridge.  These  measurements  showed  conclusively 
that  the  minimum  flow  was  less  than  200  second-feet.  One  second- 
foot,  with  an  assumed  effective  head  of  57.6  feet  and  a  machinery 
eflSciency  of  80  per  cent,  would  develop  6.227  horsepower,  showing 
that  an  average  minimum  flow  of  192  second-feet  would  be  required 
to  produce  1,000  horsepower,  not  taking  into  account  evaporation  and 
the  leaks  through  the  head-gate  masonry  (*' spring"),  which  would 
increase  the  amount.  Again,  when  the  lake  level  fell  more  water 
would  be  required  to  develop  the  same  power.  When  the  level  was  10 
feet  below  the  top,  1  second-foot  would  develop  only  4.3  horsepower; 
and  it  is  highly  probable  that  the  efficiency  of  the  machinery  was  not 
as  high  as  80  x)er  cent. 

The  result  was  that  the  enterprise  proved  disappointing  to  a  large 
proportion  of  the  citizens.  It  is  true  that  it  had  long  been  before  the 
people,  in  an  indefinite  way,  but  there  was  not  sufficient  data  at  hand 
to  make  the  results  certain.  The  watershed  and  rainfall  were  rather 
accurately  ascertained;  but  the  keystone  of  the  whole  project,  the 
biggest  and  controlling  factor,  the  very  life  blood  of  the  system, 
namely,  the  minimum  flow  of  the  river,  was  overestimated.  The 
feasibility  of  the  enterprise  had  been  demonstrated  more  than  ten 
years  before,  and  during  the  interval  accurate  and  reliable  data  could 
h^ve  been  obtained  and  the  minimum  flow  ascertained  with  accuracy. 
Gage  heights,  rating  tables,  and  flow  curves  could  have  been  obtained 
for  one-teuth  of  one  per  cent  of  the  outlay. 

It  was  found  that  the  minimum  flow  could  be  relied  upon  to  furnish 
water  and  lights  for  the  citizens  and  very  little  more.  It  was  of  great 
value  to  the  city,  from  a  sanitary  point  of  view,  that  there  was  during 
all  these  years  a  private  water  company,  whose  plant  was  operated  by 
steam,  supplying  water  and  lights  to  the  citizens. 

The  history  of  this  dam  is  unique  in  one  respect,  and  that  is  in  the 
number  of  engineers  connected  with  it.  Early  in  1892  Mr.  Joseph  P. 
Frizell  resigned,  it  is  asserted,  by  reason  of  the  fact  that  he  was  ham- 
pered in  his  work  by  the  city  authorities.  Other  engineers  resigned 
for  similar  causes,  and  at  one  time  a  contractor  in  charge  was  ordered 
to  follow  the  instructions  of  a  city  official  who  was  not  an  engineer. 
This  x>eculiar  method  of  conducting  a  great  public  work  called  forth 
severe  «ritialsms  from  engineering  journals. 
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The  failure  of  the  dam  to  meet  expectations  and  its  failure  stnic- 
turally  were  due  to— 

(1)  The  lack  of  hydrographic  knowledge,  causing  (a)  an  overesti- 
mate of  the  minimum  flow,  and  (b)  an  underestimate  of  the  effect  of 
evaporation. 

(2)  The  hampering  of  the  engineers  of  construction. 

(3)  The  ignoring  of  geologic  formations. 

PRELIMTN^ARY  PROJECTS. 

Texas  became  an  independent  Republic  in  1836,  and  a  few  years 
later  a  commission  was  appointed  to  consider  the  question  of  locating 
the  capital.  In  their  report  they  referred  to  the  possibility  of  devel- 
oping the  water  power  of  Colorado  River  at  Austin. 

Nothing  was  done,  however,  until  in  1871,  when  Mayor  Glenn  had 
surveys  made  by  the  city  engineer.  It  was  the  plan  at  that  time  to 
convey  the  waters  of  the  Colorado,  by  a  canal,  from  a  point  near 
Mount  Bonnel  to  Shoal  Creek,  for  city  and  manufacturing  purposes. 

In  1873  a  charter  was  granted  to  certain  parties,  some  of  whom  are 
still  living,  to  erect  a  dam  across  the  Colorado,  but  it  was  allowed  to 
lapse  by  limitation. 

The  drought  of  1877  called  the  attention  of  the  public  to  the  i)os8i- 
bilities  of  irrigating  the  lands  on  Colorado  River  below  Austin  by 
means  of  a  dam  erected  near  the  city. 

During  Governor  Roberts's  administration  (1879-1883)  estimates 
were  made,  with  a  view  to  lighting  the  public  buildings,  of  the  cost 
of  erecting  a  dam  across  Colorado  River  at  Bull  Creek. 

In  1888  the  board  of  trade  had  surveys  made  for  the  purpose  of 
determining  the  feasibility  of  damming  the  river,  and  during  the  year 
1889  the  subject  was  kept  before  the  people  by  frequent  communica- 
tions in  the  newspapers. 

In  the  latter  part  of  1889,  the  contest  for  mayor  was  largely  fought 
on  the  issue  of  building  a  dam  across  Colorado  River.  The  result  of 
the  election  foreshadowed  early  action  in  regard  to  the  enterprise. 
In  February,  1890,  the  city  council  employed  Mr.  J.  P.  Frizell  to  make 
a  report  upon  the  proposed  dam  and  the  necessary  adjuncts.  The 
report  was  submitted  on  March  26, 1890,  and  so  completely  does  it  dis- 
cuss the  whole  problem  that  the  portion  which  refers  to  the  project  in 
general  and  the  part  which  deals  more  particularly  with  the  dam,  the 
water  power,  and  the  estimated  total  cost,  are  here  quoted,  as  follows: 

The  city  i&,  at  present,  supplied  by  a  water  company,  upon  what  is  termed  the 
Holly  system;  that  is,  withont  the  use  of  a  reservoir,  the  pressure  in  the  pipes 
being  maintained  by  the  action  of  the  pumps,  which  are  o];>erated  by  steam,  and 
increased  by  an  antomatic  device  upon  the  occurrence  of  fires.  The  company 
also  famishes  power  for  the  electric-light  system  of  the  city.  I  have  not  been  able 
to  obtain  any  very  complete  information  in  regard  to  the  extent  and  size  of  the 
present  system  of  pipes.  From  what  I  can  leam  I  judge  that  the  city  is  rapidly 
outgrowing  the  capacity  of  the  pipes.  That  by  reason  of  their  small  size,  a  jgreat 
and  increasing  burden  is  laid  upon  the  pumps  to  maintain  pressure  sufficient  for 
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domestic  service  in  remote  parts  of  the  system.  A  large  part  of  the  power  of  the 
pumps  is  consumed  in  the  friction  of  the  water  in  passing  through  the  pipes:  and 
as  the  city  extends  and  increases,  the  protection  against  fire  is  becoming  more  and 
more  precarioos.  There  is  also  a  very  widespread  impression  prevailing  that  the 
amonnt  paid  for  water  rates,  fire  service,  and  electric  lighting  is  sufficient  to  sup- 
ply the  city  on  a  much  more  ample  and  liberal  scale,  and  at  the  same  time  secure 
incidental  advantages  of  great  value. 
The  project  before  the  city  is: 

First  The  construction  of  a  massive  dam  across  the  Colorado  to  furnish  power 
for  pumping,  for  electric  lighting  and  propelling  street  cars. 

Second.  The  construction  of  a  reservoir  at  a  height  sufficient  to  maintain  fire 
pressure  in  the  pipes. 

Third.  The  extension  of  the  distributing  system  on  a  scale  of  magnitude  com- 
mensurate with  the  present  and  prospective  wants  of  the  city. 

Fourth.  As  an  incident  of  the  project  it  is  expected  that  there  will  remain  a 
large  surplus  of  power  susceptible  of  such  uses  as  will  greatly  promote  the  future 
prosperity  of  the  oity. 

THE  DAM. 

The  Colorado  above  Austin  flows  in  a  deep  cut  or  canyon  worn  in  the  limestone 
rock.  It  is  skirted  by  limestone  bluffs  rising  often  to  the  height  of  150  feet  above 
the  bed  of  the  river,  broken  by  the  erosion  of  tributary  streams.  No  extensive 
meadow  or  bottom  lands  exist.  This  situation  x)ermits  the  construction  of  a  high 
dam  with  but  little  damage  to  private  property.  The  river,  in  it  normal  condi- 
tion, occupies  but  a  small  x>art  of  the  channel  in  the  rock,  the  remainder  being 
occupied  by  alluvial  deposits  to  the  depth  of  average  high  water.  In  great  floods 
the  river  spreads  from  bluff  to  bluff. 

Several  situations  have  been  examined  with  reference  to  the  construction  of  the 
dam.  One  on  Taylor's  lime  chute,  about  df  miles  from  the  city  limits,  appears 
most  favorable  to  the  construction  of  the  dam  itself,  but  one  on  the  Brackenridge 
property,  about  three-fourths  of  a  mile  nearer  town,  possesses  greater  advantages 
as  regards  the  canal  and  works  appertinent  to  the  water  i)ower.  This  site  has 
been  selected  for  the  purpose  of  the  estimate. 

The  channel  in  the  rock  is  here  about  1,150  feet  wide  at  a  height  of  60  feet  above 
the  summer  level  of  the  river.  The  cross  section  of  the  channel  is  not  far  from 
level  on  the  bottom,  and  is  bounded  by  nearly  perpendicular  walls  of  rock  rising 
to  the  height  of  a  little  over  60  feet  on  the  city  side  of  the  river  and  125  or  more 
on  the  other  side.  The  river  bed  proper  occupies  not  more  than  one-half  of  this 
width,  the  remainder  of  this  being  alluvial  deposit,  rising  to  the  height  of  40  or  50 
feet  above  the  river  bed.  The  situation  here  is  admirably  well  situated  to  the 
development  of  water  power  by  a  dam  about  60  feet  in  height,  the  perpendicular 
face  of  rock  rising  to  about  that  height,  and  thence  receding  from  the  river  in 
a  gentle  slope,  forming  a  bench  on  which  the  canal  or  feeder  could  be  constructed, 
the  alluvial  strip  of  ground  between  the  canal  and  river  furnishing  sites  for  pump- 
ing and  power  stations  and  any  other  establishments  requiring  power.  An  esti- 
mate has  accordingly  been  prepared  on  the  basis  of  a  60-foot  dam. 

Its  crest  will  be  about  1,150  feet  in  length  [the  crest  was  really  1,091  feet  long]. 
It  is  contemplated  to  make  it  some  16  feet  thick  at  the  top,  increasing  downward 
and  spreading  out  in  a  broad  toe  or  apron,  to  give  the  water  a  horizontal  direc- 
tion, making  its  extreme  width  at  the  bottom  about  50  feet.  The  body  and 
upstream  face  of  the  dam  to  be  made  of  limestone  rock  abounding  in  the  vicinity, 
the  upstream  face  being  of  quarry-faced  work  with  close  joints.  The  down- 
stream face  and  toe  are  intended  to  be  of  granite  found  in  abundance  in  Burnet 
County,  split  to  approximately  regular  shape  and  laid  with  but  a  small  amount  of 
tooling.  The  capping'  is  of  granite  in  as  large  blocks  as  can  be  handled,  worked 
to  regular  shape.    The  entire  work  to  be  laid  in  hydraulic  cement. 
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The  Colorado  at  Anstin  drains  some  40,000  square  miles,  and,  of  coarse,  carrieB 
at  times  an  enormous  flow  of  water.  The  highest  flood  within  the  memory  of  the 
people  now  living  was  some  45  feet  above  low  water,  and  from  the  beat  data  I  can 
obtain  the  flow  of  the  stream  was  some  250,000  cubic  feet  per  second.  This  would 
imply  a  depth  of  16  feet  on  the  crest  of  the  dam,  and  the  abutments  should  of 
course  go  to  that  height.  At  one  end  of  the  dam  the  natural  rock  goes  far  above 
that  height.  The  other  end  is  occupied  by  an  artificial  bulkhead,  called  the  gate- 
house, containing  the  sluices  for  drawing  off  the  water.  It  is  expected  that  the 
wash  of  the  dam  during  floods  will  carry  away  the  alluvial  deposit  for  a  consider- 
able distance.  The  wheels,  for  this  reason,  must  be  some  200  or  800  yards  from 
the  dam,  and  the  canal  must  have  that  length.  As  already  stated,  the  formation 
permits  this  canal  to  be  excavated  in  rock.  At  the  entrance  to  the  canal  is  the 
gate  house  alluded  to  above.  Its  function  is  to  enable  the  water  to  be  shut  out 
of  the  canal  in  case  of  repairs  and  to  prevent  the  canal  from  being  overflowed  in 
time  of  floods.  The  water  will  be  drawn  from  the  canal  through  iron  pipes,  yaaa 
the  wheel,  fall  into  the  wheel  pits  and  be  discharged  through  underground  races 
into  the  river. 

WATER  POWER. 

It  remains  to  consider  the  quantity  of  water  power^  created  by  the  proposed 
improvement.  This  consists  of  two  elements,  the  fall,  and  the  quantity  of  water 
available  for  power.  The  former  is  fixed  approximately  by  the  height  of  the  dam. 
The  latter  can  be  inferred  with  more  or  less  certainty  from  known  facts.  It  is  not 
the  lowest  stage  that  the  river  is  ever  known  to  attain  to.  It  is  the  flow  of  water 
that  can  be  depended  on,  with  reasonable  certainty,  during  ordinary  seasons. 
Stages  of  the  river  above  this  minimum  count  for  nothing  unless  steam  is  used  to 
make  up  deficiencies. 

The  river  is  subject  to  great  rises  in  times  of  heavy  rains.  On  the  cessation  of 
the  rains  it  falls  rapidly  until  it  attains  a  minimum  flow,  which  appears  to  remain 
nearly  constant.  In  that  condition  no  water  enters  the  stream  from  the  surface 
of  the  ground.  Its  flow  is  wholly  maintained  by  springs  issuing  from  cavities  in 
the  rock,  and  is  unaffected  by  current  rainfall  until  the  latter  becomes  sufficient 
to  cause  a  flow  from  the  ground.  This  is  the  present  condition,  and  I  conclude  we 
shall  not  be  far  wrong  in  taking  the  present  flow  of  the  stream  as  the  quantity 
that  can  be  depended  upon.  This,  as  I  have  ascertained  by  careful  measurement, 
is  nearly  1,000  cubic  feet  per  second. 

There  will,  no  doubt,  be  times  during  the  hottest  weather  when  the  water  wlU 
fall  below  this  stage,  on  account  of  increased  evaporation.  I  am  told,  however, 
that  a  month  very  rarely  passes  without  rains  in  some  part  of  the  drainage  basin, 
sufficient  to  cause  a  slight  rise  at  Austin.  The  great  extent  of  the  pond  will  enable 
a  considerable  deficiency  in  the  fiow  of  the  stream  to  be  made  good  by  storage. 
From  the  best  information  I  can  obtain,  the  pond  will  extend  some  30  to  35  miles 
from  the  dam,  with  an  average  width  of  one-quarter  of  a  mile,  containing  a  water 
surface  of  some  8  square  miles,  and  a  total  volume  of  something  like  2,800,000,000 
cubic  feet  of  water.  Should  the  fiow  of  the  stream  diminish  to  one-half  the  above 
quantity,  a  single  foot  in  depth  on  the  pond  will  make  good  the  deficiency  for  a 
period  of  five  days,  and  6  feet  will  make  it  good  for  thirty  days. 

A  system  of  fiashboards  could  readily  be  applied  to  hold  the  water  4  feet  above 
the  crest  of  the  dam,  and  thus  hold  the  surplus  of  water  in  store  for  such  deficien- 
cies, without  drawing  the  pond  below  the  crest  of  the  dam.  This  feature  will  not 
become  necessary  for  several  years,  and  need  not  be  considered  further  at  present. 

Owing  to  the  imperfection  of  mechanism  we  can  not  hope  to  utilize,  for  practical 
purposes,  more  than  80  per  cent  of  the  absolute  power  of  the  water.  Moreover,  the 
full  head  of  60  feet  can  not  be  brought  to  act  upon  the  wheels.  Some  part  of  the 
head  will  be  consumed  in  the  movement  of  the  water  through  the  sluices*  canal, 
penstocks,  and  races.    The  head  will  at  times  be  reduced  by  high  water  in  the 
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river,  which  rises  more  below  the  dam  than  above.  I  therefore  take  57i  feet  as 
the  head  acting  on  the  wheels,  and  assume  that  we  can  ntilize  80  per  cent  of  the 
power  on  that  head.    This  gives,  for  the  total  amount  of  power  available  for 

driving  machinery,  57.5 X 62. 5 xl, OOP ^qqq^ 5227  horsepower. 

This  quantity  of  power  could  be  furnished  constantly,  night  and  day.  This, 
however,  would  not  be  suited  to  the  requirements  of  industry,  which  ordinarily 
calls  for  power  only  during  the  working  hours  of  the  secular  day.  It  is  regarded 
as  a  great  advantage  in  water  power  to  be  able  to  hold  back  the  low- water  flow  of 
the  stream  during  nights  and  Sundays  and  use  it  during  the  working  hours.  This 
the  great  extent  of  our  pond  readily  enables  us  to  do.  Concentrating  the  entire 
weekly  flow  of  the  stream  into  the  working  hours  assumed  at  60  per  week,  the 
above  amount  is  increased  in  the  ratio  of  60  to  168,  giving  as  the  available  power 
14,686  horsepower. 

The  total  permanent  power  of  the  Merrimac  Biyer  at  Lowell,  Massachusetts,  is 
not  over  11,000  horsepower,  on  an  average  during  working  hours.  About  the 
same  at  Lawrence,  Massachusetts,  and  at  Manchester,  New  Hampshire.  This  is 
the  power  that  can  be  supplied  without  interruption.  At  these  points  the  use  of 
water  is  not  confined  to  the  minimum  flow  of  the  stream.  It  is  utilized  at  much 
higher  stag^,  in  connection  with  steam,  the  latter  being  called  into  use  when  the 
flow  diminishes.  Of  course  similar  methods  will  prevail  here  as  soon  as  the 
demand  for  power  warrants  their  introduction.  This,  however,  is  too  remote  for 
present  consideration. 

It  is  not  easy  to  state  the  rental  received  for  water  power  at  the  great  manu- 
facturing centers  in  New  England,  as  grants  of  water  are  usually  covei'ed  with 
grants  of  land,  the  water  being  regarded  as  an  easement  of  the  land.  A  round 
sum  was  paid  for  the  land  and  a  nominal  rent  for  the  water,  which  was  intended 
as  the  fund  for  the  maintenance  of  the  appliances  of  the  water  power.  When 
manufacturers  draw  in  excess  of  their  grant  they  are  charged  all  the  way  from  $3 
to  $12  a  day  for  mill  power  for  water  terminable  at  will.  My  opinion  is  that 
$1,300  per  annum  fairly  represents  the  value  of  a  mill  power.  These  considera- 
tions are  adverted  to  as  showing  the  great  value  of  the  incidental  benefits  secured 
to  the  city  by  this  improvement.  The  city*s  requirements  for  pumping  I  pat  at 
600  liorsepower  twelve  hours  x>er  day,  or  720  horsepower  ten  hours  a  day.  Reserv- 
ing an  equal  quantity  for  electric  lighting,  and  equally  liberal  provision  for  street 
cars  and  other  purposes,  there  would  remain  over  12,000  horsepower,  or  as  much 
as  180  mill  x>owers,  subject  to  suoh  use  as  the  city  might  deem  conducive  to  its 
prosperity. 

ESTIMATED  COST. 

Dam 1468,335 

Gate  house 22,950 

Canal 49,750 

Pump  and  power  house 8,500 

Wheel  pit - 2,128 

Culvert 10,210 

Wheels  and  pumps 16,025 

PUtering  gallery 17,880 

Beeervoir 104,615 

Mains : 158,800 

Distribution.. 295,250 

Electric  light 45,600 

Add  for  contingencies 118,502 

Add  for  engineering  and  agencies 59,251 

Grand  total $1,862,781 
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On  April  3,  1890,  the  board  of  public  works  was  created  by  the  city 
council,  to  have  control  of  the  construction  of  the  dam  and  of  all  works 
connected  therewith. 

The  question  of  issuing  water  and  light  bonds  to  the  amount  of 
$1,400,000  was  submitted  to  the  voters  of  the  city  of  Austin  on  May 
5,  1890,  and  resulted  in  1,354  votes  in  favor  of  and  50  votes  against 
the  issue.  The  board  of  public  works  met  the  next  day  and  employed 
Mr.  Frizell  as  chief  engineer  and  Mr.  J.  F.  Pope  as  first  assistant 
engineer.  In  order  to  guard  against  possible  errors,  and  to  have  the 
advantage  of  the  skill  and  experience  of  other  experts,  Mr.  John 
Bogart,  of  New  York,  was  employed  as  consulting  engineer,  to  examine 
the  site  and  the  plans  and  specifications  of  Mr.  Frizell.    After  an 


Fio.  2.— Index  map  of  lines  of  soundings  across  Lake  McDonald,  above  Austin,  Texa&  The  lake 
is  the  broadened  portion  of  Colorado  River,  extending  from  sounding  0.00  to  sounding  18.90, 
created  hj  the  building  of  the  dam. 

extended  examination  Mr.  Bogart  made  a  written  report  to  the  board 
in  which  he  stated  that  after  considerable  study  he  was  of  the  opinion 
that  the  site  selected  by  Mr.  Frizell  was  the  best  place  for  the  location 
of  the  dam.  In  regard  to  the  cross  section  and  shape  of  the  dam  Mr. 
Bogart  said: 

Ample  precedents  exist  for  the  determination  of  the  best  lines  of  profile  and 
methods  of  construction  for  snch  a  dam.  It  will  be  one  of  the  high  dams,  bnt  will 
not  be  among  those  very  high  strnctnres  which  sometimes  excite  doubt  as  to  their 
permanent  stability.  To  provide  for  the  possible  height  of  spring  or  other  floods, 
the  whole  crest  of  the  dam  will  be  formed  so  that  the  water  may  flow  oyer  it,  and 
the  downstream  face  will  be  built  in  snch  a  manner  and  to  snch  lines  and  curves 
as  will  tend  to  conduct  the  overflow  to  the  lower  river  without  damage  to  the 
stability  of  the  structure.    It  is  estimated  that  the  highest  flood  as  to  which  any 
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intemfttioa  ottn  be  obtained  might  glTe  a  depth  of  water  of  15  or  16  feet  over  the 
crest  for  a  short  tisoe.  Such  a  possible  flow  will  be  provided  for  in  the  construc- 
tion of  the  dam.  The  exact  lines  of  the  profile  and  the  detail  method  of  construc- 
tion are  now  being  determined  in  consultation  with  Mr.  Frizell. 

During  the  summer  of  1890  engineers  were  put  in  the  field  to  locate 
the  lake-level  contours  and  to  determine  the  amount  of  valuable  land 
submerged.  These  engineers  took  cross  sections  of  the  river  at  six- 
teen stations,  thus  enabling  comparisons  to  be  made,  which  was  done 
by  the  writer  in  May,  1897,  and  in  January,  1900.  The  accuracy  of 
the  work  under  the  supervision  of  Mr.  Pope  was  verified  by  the  fact 
that  at  the  head  of  the  lake,  at  the  request  of  a  farmer  living  near, 
he  cut  a  bench  mark,  on  a  big  pecan  tree,  at  the  crest  level.  Three 
years  later  the  water,  when  it  rose  to  the  crest  of  the  dam,  reached 
the  notch  with  exactness.  Cross  sections  of  the  lake  are  shown  in 
fig.  6;  a  general  map  of  the  lake  is  shown  in  fig.  2. 

CONSTRUCTION  OF  DAM. 

On  October  15,  1890,  the  contract  for  the  construction  of  the  dam 
was  awaited  to  the  lowest  of  seven  bidders,  Mr.. Bernard  Corrigan, 
of  Kansas  City,  Missouri,  whose  figures  were  $501,150.  The  contract 
was  based  upon  the  following  specifications: 

ROCK  BXCAVATION. 

12.  On  the  site  of  the  dam  all  unsound  rock  and  all  rock  that  can  be  removed 
without  blasting  will  be  taken  off.  A  trench  4  feet  wide  and  as  deep  as  may  be 
directed  by  the  engineer  will  be  excavated  along  the  npstream  face  of  the  dam. 
Trenches,  footings,  steps,  channels,  and  other  excavations  will  be  cnt  in  the  bot- 
tom and  sides  of  the  rock  in  snch  forms  and  to  such  Jines  as  may  be  directed  by 
the  engineer.  In  these  excavations  the  kind  of  explosive  nsed,  the  amotint  of  the 
charges,  depth  and  direction  of  the  holes,  and  the  entire  process  of  the  work  shall 
be  nnder  the  immediate  personal  control  of  the  engineer  or  his  assistant,  the 
object  being  to  do  the  work  in  snch  a  manner  as  to  avoid  fissnres  and  shakes  in 
tiie  remaining  rock.  All  cracks  and  fissnres  that  may  exist  naturally  or  from  any 
canse  shall  be  thoroughly  filled  with  cement  mortar  or  concrete  or  pure  cement, 
as  may  in  each  case  be  directed  by  the  engineer. 

18.  The  lines  and  grades  of  the  canal  will  be  established  by  the  engineer,  and  no 
excavation  below  the  grade  or  bottom  or  outside  the  lines  will  be  paid  for;  but 
such  excavation  will  "be  x>ermitted,  under  the  direction  of  the  engineer,  for  the 
purpose  of  obtaining  rock  for  the  dam. 

14.  Any  rock  obtained  from  these  excavations  that  the  engineer  may  deem  suit- 
able may  be  used  in  the  rubble  masonry  of  the  dam.  Rock  not  suited  for  this 
purpose  will  be  disposed  of  as  the  engineer  may  direct — in  spoil  bank,  riprap,  fill- 
ing of  cribs,  or  otherwise— not  involving  a  haul  of  more  than  500  yards.  The  price 
of  rock  excavation  will  include  and  cover  the  cost  of  all  the  explosives,  tools,  der- 
ricks, tackle,  machin«ry,  teams,  vehicles,  tramways,  stringers,  bridges,  boats  and 
applianoeB,  materials,  and  labor  used  in  the  excavation  of  the  work.  All  rock  will 
be  measured  in  excavation. 

MASONRY. 

15.  The  npstream  face  of  the  dam  will  be  laid  of  granite.^    It  must  be  sound, 


*  The  ori^nal  BpeclflcaticxnA  called  for  foesiliferoas  limestone  for  the  upstream  face,  but  bids 
were  also  received  for  granite,  which  material  was  adopted.  The  details  here  given  are 
obviooBly  not  proper  for  granite. 

IBR40 2 
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free  from  seams,  cracks,  and  shakes.  The  stones  will  be  laid  <m  their  quarry  beds 
in  regnlar  courses,  no  coarse  to  be  less  than  12  inches  in  height.  Each  coarse 
shall  be  composed  of  headers  and  stretchers,  and  at  least  one-third  of  the  face 
length  of  eacb  conrse  shall  be  headers.  The  headers  and  stretchers  shall  be  regu- 
larly distributed  in  each  course,  so  that  the  headers  shall  alternate  in  position  in 
the  adjacent  courses  and  so  that  each  stone  shall  break  bond  not  less  than  12 
inches  with  the  stone  above  and  below.  A  g^amut  or  plan  of  each  course  will  be 
prepared  and  submitted  to  the  engineer  before  the  stones  are  laid  and,  if  approved 
by  him,  will  be  used  for  the  guidance  of  workmen  in  laying  the  stones.  This  will 
be  quarry-faced  work.  Each  stone  will  have  a  distinct  pitch  line  all  around  the 
face.  The  bed  and  build  joints  will  be  fine  pointed  to  a  fair,  true  surface,  out  of 
wind,  9  inches  back  from  the  pitch  line.  The  remainder  of  the  bed  and  build 
joints  to  be  pointed,  so  as  not  to  project  beyond  the  plane  of  the  fair,  true  surface 
and  not  to  fall  away  therefrom  more  than  1|  inches.  The  width  of  the  stretchers 
on  their  beds  will  not  be  less  than  their  height.  No  stretcher  will  be  less  than 
3  feet  in  length.  The  headers  will  not  be  less  than  30  inches  on  the  face  nor  less 
than  4  feet  in  length.  This  work  will  be  laid  with  full  mortar  joints  on  the  beds. 
The  mortar  will  be  pressed  or  tami)ed  into  the  build  joints  with  a  proper  tooL 
After  the  work  is  laid  the  mortar  will  be  raked  out  of  all  the  exposed  joints  to  a 
depth  of  li  inches,  aXid  these  joints  will  be  pointed  with  mortar  of  neat  cement 
pressed  in  and  rubbed  hard. 

16.  In  measuring  this  work,  the  headers  will  be  accounted  4  feet  long.  The 
width  of  each  stretcher  will  be  considered  equal  to  its  height.  No  stone  ot  less 
dimension  wjjil  be  laid.  If  stones  are  laid  exceeding  these  dimensions  the  excess 
will  be  paid  for  as  rubble  filling. 

17.  The  downstream  face  of  the  dam  is  to  be  laid  with  granite  of  good  quality, 
sound  and  free  from  imperfections.  It  will  be  laid  in  regular  courses;  no  course 
to  be  less  than  12  nor  over  80  inches  high.  Each  course  shall  be  composed  of 
headers  and  stretchers,  and  at  least  one-third  of  the  face  length  of  each  course 
shall  be  headers.  The  headers  and  stretchers  to  be  regularly  distributed  in  each 
course,  so  that  the  headers  shall  alternate  in  piosition  in  the  adjacent  courses,  and 
so  that  no  stone  shall  break  bond  less  then  12  inches  with  the  stone  above  and 
below.  Hie  stretchers  to  be  as  wide  as  high,  measured  on  the  lower  bed.  No 
stretcher  to  be  less  than  8  feet;  no  header  to  be  less  than  3  feet  on  the  face  and  4^ 
teet  long.  On  the  curved  part  of  the  face,  except  at  the  toe,  the  bed  joints  shall 
be  radial.  On  the  vertical  and  battered  part  they  will  be  horizontal.  Dowels  and 
clamps  of  wrought  iron  will  be  inserted  at  the  toe  as  directed  by  the  engineer. 

18.  The  exposed  faces  of  all  these  stones  are  to  have  distinct  pitch  lines  all 
around.  The  face  not  to  project  or  recede  more  than  li  inches  from  that  line. 
The  beds  and  builds  to  be  pointed  off  to  lay  a  three-fourth  inch  joint  for  12-inoh 
back  from  the  pitched  line. 

19.'  If  this  work  is  laid  with  fossiliferous  marble,  the  specifications  will  be  the 
same  in  every  respect  as  for  granite,  except  that  the  beds  and  builds  will  be  dressed 
to  a  |-inch  joint  instead  of  a  |-inch  joint.  Bids  will  be  received  for  either  kind 
of  stone.  A  gamut  or  plan  of  each  course  will  be  prepared  as  specified  for  the 
upstream  face. 

20.  In  measuring  this  work  the  headers  will  be  taken  as  i\  feet  long,  thestretchers 
as  wide  as  high,  measured  on  the  lower  bed.  No  dimensions  lees  than  these  will 
be  accepted.  If  stones  of  greater  dimension  are  laid,  the  excess  will  be  paid  for 
as  rubble  filling.    All  of  this  work  is  to  be  laid  in  cement  mortar. 

BUBBLE   MASONBY. 

21.  Bubble  masonry  wiU  be  laid  in  the  body  of  the  dam.  This  will  be  composed 
of  any  firm,  strong,  and  sufficiently  heavy  stone.    It  must  not  weigh  less  than  150 


1  This  i>aragraph  is  eliminated  from  Bpedflcatioiu. 
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pounds  per  cnbic  foot.  At  least  two-thirds  of  it  must  consist  of  blocks  haying  a 
bed  of  not  less  than  '4  square  feet.  Smaller  stones  may  be  nsed  to  fill  .np  the 
spaces  between  blocks.  All  stones  most  be  bedded  in  mortar  and  all  interstices 
filled  with  mortar.  Such  practices  as  laying  down  stone  and  poaring  gront  into 
the  cavities  will  not  be  allowed,  and  the  inspector  will  require  snch  work  to  be 
torn  np  and  relaid  whenever  discovered.  The  rabble  work  will  be  well  bonded 
with  masonry  on  the  np  and  down-stream  faces.  The  trench  along  the  upstream 
face  of  the  dam  will  be  filled  with  fragments  of  granite  ["or  fossiliferous  mar- 
ble/* erased  in  specifications] ,  of  any  form  and  size,  carefully  laid  in  cement  mor- 
tar. Should  distinct  veins  or  streams  of  water  enter  this  trench,  the  watei;  will 
be  allowed  to  rise  through  earthenware  drain-pipes  set  i9the  masonry,  or  through 
openings  left  in  the  masonry,  and  discharged  above  the  dam. 

22.  The  capstones  will  be  of  granite  of  the  best  and  soundest  quality,  free  from 
all  imperfections.  They  will  be  3  feet  in  depth,  not  less  than  3  feet  wide,  measured 
lengthwise  of  the  dam,  and  each  cap  will  consist  of  not  more  than  three  stones. 
The  stones  of  the  adjacent  caps  will  break  beyond  24  inches.  A  distinct  pitched 
line  will  be  cut  ar6und  the  weather  face,  following  the  outline  of  the  stone,  as 
shown  on  the  plan.  The  weather  face  will  not  be  more  than  1  inch  out  as  regards 
this  line.  The  beds  and  builds  will  be  cat  to  a  half-inch  joint,  12  inches  back 
from  this  line.  The  stones  will  be  bedded  in  mortar;  the  build  joints  will  be  filled 
with  melted  sulphur,  of  quality  approved  by  the  engineer.  Dowels  of  wrought 
iron  will  be  inserted  as  indicated  on  the  plan,  and  also  bedded  in  sulphur:  the 
stones  will  be  fastened  together  on  the  top  with  wrought-iron  clamps  and  dowels, 
as  directed  by  the  engineer. 

23.  The  price  of  masonry  will  include  furnishing  the  stone,  cement,  and  sulphur 
and  all  materials  and  labor  required  for  the  excavation  of  the  work  as  herein 
provided. 

24.  Before  conunencing  the  laying  of  any  masonry  the  rock  on  which  it  is  to 
rest  must  be  swept  and  washed  clean  with  brooms,  and  the  same  must  be  done 
when  new  masonry  is  joined  on  to  old.  All  stones  must  be  washed  before  being 
laid  in  the  work.  A  tank  and  other  appliances  satisfactory  to  the  engineer  must 
be  provided  for  this  purpose. 

CEMBNT. 

25.  The  cement  furnished  for  this  work  must  be  from  manufacturers  of  estab- 
lished reputation,  and  such  as  has  satisfactorily  stood  the  test  of  time  and  expe- 
rience. It  wiU  be  subjected  to  such  tests  as  the  engineer  may  require  from  time 
to  time,  and  such  as  is  rejected  must  be  immediately  removed  from  the  work^ 
Quick-setting  cement  will  not  be  used.  Cement  showing  on  chemical  analysis 
magnesia  or  lime  in  proi>ortions  sufficient  to  injure  the  work  will  be  rejected. 
American  natural  cement  will,  in  general,  be  expected  to  exhibit  a  tensile  strength 
of  50  pounds  per  square  inch  at  the  end  of  thirty  days,  when  mixed  with  twice  its 
bulk  of  sand.  Portland  cement  vnll  be  expected  to  show  a  strength  of  150  pounds 
per  square  inch  at  the  end  of  thirty  days  when  mixed  with  three  times  its  volume 
of  sand.  Cement  shall  be  stored  in  sheds  sufficiently  water-tight  to  exclude  rain, 
with  floors  raised  at  least  12  inches  above  the  ground,  and  permitting  a  free  cir- 
culation of  air.  To  give  opportunity  for  tests  the  contractor  shall  have  no  lees 
than  sixty  days*  supply  of  cement  on  hand  at  all  times.  [Only  Portland  cement 
was  used.] 

MORTAR. 

26.  The  mortar  is  to  be  prepared  from  cement  of  the  quality  above  described 
and  clean,  sharp  sand,  free  from  loam  or  other  impurities,  in  the  proportion  of  1 
part  cement  to  2  of  sand,  by  measure.    If  made  by  hand  it  is  to  be  mixed  dry,  and 
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a  sufficient  quantity  of  water  afterwards  added  to  produce  a  paste  of  proper  oon- 
sistency,  and  thoroughly  worked  with  hoes  or  other  suitablid  tools.  If  required, 
the  contractor  shall  provide  a  mortar  mill  of  such  form  as  the  engineer  may  pre- 
scribe, to  be  worked  by  steam  or  horsepower.  The  mixing  of  the  mortar  will  be* 
nnder  the  constant  snperyision  of  an  inspector.  Sand  offered  for  the  work  shall 
be  washed  and  screened,  if  the  engineer  shall  so  direct,  in  snch  manner  as  he  shall 
prescribe. 

40.  And  the  said  contractor  hereby  agrees  to  receive  the  following  prices  as  fnll 
compensation  for  furnishing  ail  materials  and  for  labor  in  executing  all  work 
cont^;mplated  in  this  contract,  and  for  all  risks  of  loss  incident  to  the  nature  of 
the  work,  to  floods  and  f^lshets  on  the  river,  or  to  other  action  of  the  elements,  to 
strikes  and  combinations  of  workmen,  to  changes  in  market  values  during  the 
progress  of  the  work,  and  to  all  other  causes:        • 

(a)  For  bailing  and  draining,  including  the  construction  and  maintenance  of  all 
necessary  cofferdams,  the  furnishing,  setting,  and  operating  of  steam  engines, 
boilers,  and  pumps,  and  M  labor  and  materials  required  for  the  removid  and 
exclusion  of  water  from  the  work  during  its  entire  progress,  als  specified,  the  sum 
of  $8,000. 

(b)  For  all  earthwdrk  excavation  above  the  low- water  level  of  the  river,  includ- 
ing the  disposal  of  the  same  in  spoil  banks  or  in  cofferdams,  and  all  clearing  and 
grubbing,  the  sum  of  14  cents  per  cubic  yard. 

(c)  For  all  earth  excavation  below  the  low- water  level  of  the  river,  including 
the  disposal  of  the  same,  the  sum  of  50  cents  "per  cubic  yard. 

(d)  For  rock  excavation  on  the  site  of  the  dam,  including  the  disposal  of  the 
rock  in  spoil  banks,  riprap,  or  otherwise,  as  may  be  required,  the  sum  of  $1.60  per 
cubic  yard. 

(e)  For  rock  excavation  from  the  canal  and  site  of  gate  house,  including  the  dis- 
posal of  the  rock,  the  sum  of  80  cents  per  cubic  yard. 

(/)  For  the  masonry  of  the  upstream  face  of  the  dam,  of  granite,  cut  and  laid 
as  specified,  the  sum  of  $11  per  cubic  yard. 

(g)  For  the  masonry  of  the  downstream  face  of  the  dam,  of  granite,  the  sum  of 
$11.25  -per  cubic  yard. 

{h)  For  rubble  masonry  laid  with  stone  paid  for  as  excavation,  $2.50  per  cubic 
yard. 

(i)  For  rubble  nutsonry  laid  with  stone  not  paid  for  as  excavation,  the  sum  of 
$3.50  per  cubic  yard. 

(j)  For  rubble  masonry  laid  with  granite  in  trenches,  the  sum  of  $6  per  cubic 
yard. 

(A:)  For  the  granite  capstones  dressed  and  laid  as  per  specifications,  the  sum  of 
$15  per  cubic  yard. 

(I)  For  drilling  bolt  holes'for  wrought-iron  clamps  and  dowels,  the  sum  of  24 
cents  per  linear  foot  of  hole  drilled. 

(m)  For  furnishing  and  inserting  wrought-iron  clamps  and  dowels  as  required 
by  the  specifications,  the  sum  of  10  cents  per  pound. 

(n)  For  laying  masonry  of  any  kind  in  Portland  cement  mortar  In  excess  of  the 
price  received  for  the  same  work  laid  in  mortar  of  American  natural  cement,  the 
sum  of  50  cents  per  cubic  yard.     [There  were  more  than  90,000  yards  excess.] 

41.  And  it  is  further  agreed  that  the  engineer  shall  make  approximate  monthly 
estimates  of  the  work  done,  and  the  materials  delivered,  and  the  payments  shall 
be  made  of  85  per  cent  only  of  the  amount  of  such  monthly  estimates. 

42.  And  said  contractor  hereby  further  agrees  that  the  said  board  be,  and  is 
hereby,  authorized  to  deduct  and  retain  out  of  any  money  due  the  contractor  the 
sum  of  $500  per  day  as  liquidation  damages  for  each  and  every  day  the  aforesaid 
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work  shall  remais  uncompleted  beyond  the  time  herein  stipnlated  for  its  comple- 
tion; provided,  however,  that  the  board  Bhali  have  the  right  to  extend  the  said 
time,  shonld  it  decide  to  do  so. 

43,  And  it  is  further  agreed  that  of  the  sum  agreed  on  as  compensation  for  bailing 
and  draining,  three-fourths  shall  be  considered  as  earned  when  the  entire  masonry 
is  raised  to  a  height  of  3  feet  above  the  low- water  level  of  the  river,  and  the 
remainder  when  the  dam  is  fully  completed  according  to  the  terms  of  this  con- 
tract, and  that  these  sums  shall  be  subject  to  the  above-mentioned  deduction  of 
15  per  cent. 

43a.  The  power  of  the  board  of  public  works  and  the  engineer  acting  under 
them  as  now  constituted  only  extends  to  executing  the  contract  as  it  is  made  by 
the  city;  and  aU  changes  of  the  contract  and  final  approval  of  work  done  shall  be 
by  the  city  council  upon  the  recommendation  of  the  board  of  public  works,  or  by 
the  proper  city  authoritiee  that  may  be  provided  by  law  from  time  to  time  as  tl)e 
work  progresses. 

43&  This  contract  is  conditioned  upon  a  railroad  being  constructed  by  the  city 
or  some  persons  other  than  the  contractor  from  the  depots  in  the  city  of  Austin  to 
the  site  of  the  proposed  dam,  and  the  said  city  guarantees  to  the  said  contractor 
the  use  of  the  said  railroad  track  free  of  charge  for  hauling  all  material  for  the 
constractlon  of  the  dam.  It  is  understood  that  all  time  which  may  be  lost  by  the 
o(Mitractor  by  reason  of  the  noncompletion  of  said  railroad  shall  be  credited  by 
said  contractor  on  the  time  stipulated  for  the  completion  of  the  dam. 

The  cross  section  originally  adopted  is  shown  in  fig.  3,  left  half. 
The  contractor  commenced  the  work  of  excavating  the  alluvial  soil  on 
the  east  bank  on  November  5, 1890,  and  the  first  stone  was  laid  in  the 
foundation  of  the  dam  May  5, 1891,  exactly  one  year  after  the  election 
authorizing  the  issue  of  the  bonds.  The  east  half  of  the  dam  was 
built  to  a  safe  height  above  ordinary  freshets,  and  then  the  work  was 
pushed  from  the  west  end.  The  foundation  work  at  the  east  end 
was  protected  by  a  natural  dirt  cofferdafn  and  at  the  west  end  by  a. 
wing  wall  of  broken  limestone  for  body  and  hay  and  dirt  as  fillers. 
This  deflected  the  water  toward  the  west  end  of  the  eastern  portion, 
and  the  western  section  of  the  dam  was  thus  built  out  to  within  a 
short  distance  of  the  eastern  portion.  The  gap  was  closed  by  first 
constructing  a  small  dam  in  front  of  it,  thus  forcing  the  water  through 
a  gap  in  the  eastern  x>ortion  only  a  few  feet  higher  than  the  founda- 
tion courses.  In  this  way  the  water  was  played  from  one  gap  to  the 
other  at  the  pleasure  of  the  contractor.  The  gaps  left  in  the  dam  while 
the  work  of  construction  was  proceeding  are  shown  in  Pis.  II  and  III. 
When  the  courses  reached  a  sufficient  height,  a  framework  dam  was 
made  to  check  the  flow  through  the  gaps.  In  September,  1892,  three 
sluice  pipes,  each  3  feet  in  diameter,  were  built  into  the  dam  at  a 
level  43^  feet  below  its  crest,  so  that  there  could  be  no  basis  for  com- 
plaint of  stopping  the  flow  of  the  river,  and,  incidentally,  to  assist  the 
contractor  in  controlling  the  water.  At  a  later  stage  of  the  construc- 
tion one  of  these  pipes,  half  open  and  under  a  head  of  36.5  feet, 
passed  the  whole  flow  of  the  river. 
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The  dam  cost  over  $110,000  more  than  Mr.  Corrigan's  original  bid. 
The  causes  of  this  increase  were — 

1.  Increased  excavation  at  east  end  of  dam  - $8,914.60 

3.  Extra  masonry 56,798.32 

3.  Extra  limestone  masonry 21,839.80 

4.  Extra  allowance  for  Portland  cement 44, 180. 25 

5.  Change  in  shape  of  crest 2,337.45 

6.  Allowance  for  pumping,  excayatlng  without  explosives, 

and  cement 3,385.49 

Total 137,450.91 

Overestimate 27,255.62 

Total  extra  cost 1 110,195.29 

Original  bid 501,160.00 

Total  cost  of  dam. 611,845.29 

The  plans  recommended  by  Mr.  Frizell  contemplated  a  canal  several 
hundred  feet  long  and  a  power  house  south  of  the  site  subsequently 
selected,  located  upon  the  alluvial  soil  below  the  dam.  In  January, 
1892,  it  became  manifest  that  some  members  of  the  board  of  public 
works  did  not  approve  the  plans  submitted  by  Mr.  Frizell  in  so  far  as 
they  related  to  the  canal.  They  advocated  the  abolition  of  the  canal, 
and  suggested  that  the  water  be  taken  directly  from  the  lake  by  the 
penstocks,  and  that  the  power  house  be  located  near  the  east  end  of 
the  dam.  At  this  juncture  the  board  requested  Mr.  £.  C.  Geyelin,  of 
Philadelphia,  to  visit  Austin  and  report  upon  the  questions  at  issue. 
In  his  report,  dated  February  17,  1892,  Mr.  Geyelin  recommended, 
among  other  things,  that  the.  x>ower  house  be  located  upon  a  rock 
foundation  at  least  100  feeffrom  the  dam,  and  that  the  water  be  con- 
veyed from  the  lake  by  a  series  of  large  pipes.  (The  power  house 
was  afterwards  located  at  an  average  distance  of  130  feet  from  the 
dam.)  Mr.  FrizeU  took  issue  with  these  recommendations,  and  the 
board  then  decided  to  ask  the  advice  of  Mr.  J.  T.  Fanning,  of  Min- 
neapolis. After  spending  several  weeks  in  Austin  investigating  the 
problems,  Mr.  Fanning,  on  June  24,  1892,  submitted  his  rex>ort  to  the 
board,  and  among  other  things  said: 

This  dam  is  being  constructed  of  solid  masonry  and  is  faced  on  each  side  with 
large  blocks  of  excellent  granite.  Kot  for  its  length  alone  or  its  great  area  of 
flowage  is  the  dam  remarkable,  for  in  France  we  observe  three  longer  masonry 
dams— at  Bonzey,  Cbazilla,  and  Gros  Bois,  1,545,  1,759,  and  1,805  feet  long, 
respectively — and  in  Wales  the  Vymwy  dam,  1,350  feet  long,  the  latter  being  for 
the  storage  reservoir  of  the  Liverpool  water  supply. 

Not  in  the  height  alone,  for  in  France  there  are  3  dams,  in  Spain  2,  in  Belgium 
1,  and  in  the  State  of  California  1  masonry  dam  exceeding  150  feet  in  height. 
There  are  14  other  notable  masonry  dams  having  heights  exceeding  100  feet. 

But  none  of  these  dams  are  upon  great  rivers,  and  very  few  of  them  have  any 
water  pass  over  their  crest.  On  the  other  hand,  the  Austin  dam  is  in  the  channel 
of  the  Colorado  River,  where  it  has  40,000  s<iuare  miles  of  watershed,  and  will 
have  floods  of  200,000  to  250,000  cubic  feet  of  water  per  second  to  pass  from  its 
crest  to  its  toe.    Your  citizens  will  appreciate  your  responsibility  when  they  learn 
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thftt  no  dam  in  axiatenoe  has  to  paaa  a  volome  of  water,  in  flood,  eveai  approzi- 
ma^ng  this,  throngli  oo  great  a  Iieigbt.  Limeetoiie  and  eandBtone  yield  rapidly 
to  the  eroding  force  of  falling  waters.  The  evidencee  of  this  are  abundant  in 
tfa«  caayon  of  the  Niagara  River  below  Niagara  Falls,  in  the  canyon  of  the 
Gtenesee  River  below  Uie  Oeneeae  Falls,  the  Uiaelaaippi  Riv^  below  St.  Anthony 
Falls,  and  bore  of  the  Colorado  River  across  Travis  Coonty,  as  well  as  Id  the 
channels  of  nnmerona  streams  that  flow  down  each  of  the  Rocky  Mountain 
alopM.  Snch  evidences  admonish  as  that  this  great  flood  most  not  be  permitted 
to  have  a  sheer  fall  ihroogh  so  great  a  height  and  act  with  a  deatrnctive  force 
anch  aa  has  heretofore  created  canyons,  bnt  It  must  be  made  to  glide  down  the 
■lope  of  the  dam  and  not  be  permitted  to  exert  the  force  dne  to  its  velocity  except 
at  BQcb  distance  below  the  dam  that  the  foundations  will  not  be  endangered. 

The  profile  [flg.  3,  left  half]  aa  shown  to  me  seems  not  to  fnlfill  the  required 
oooditions  for  passing  the  floods,  because  of  the  slightly  rounded  or  nearly  angu- 
lar form  at  the  front  of  its  crest.  Another  diagram  [fig.  B,  right  half]  presented 
shows  an  advised  modification  of  the  profile  of  the  upper  part  of  the  dam,  which 
is  better  adapted  to  pass  the  flood  in  a  gliding  sheet  down  the  face  of  the  dam  and 
to  deliver  it  to  the  lower  l«vel  without  a  direct  Uow,  and  so  that  its  velocity  will 


bsexpendedchieflyinahorizontaldirectionln  the  backwater  below  the  dam  and 
in  eddies  at  a  safer  distance  below  the  toe  of  the  dam.  The  lower  part  of  the 
downstream  face  of  the  dam  has  a  curve  of  31  feet  radius  to  which  low-water 
Borface  is  tAogent.  The  central  part  of  this  face  has  a  batter  of  4)  Inches  to  the 
foot 

The  new  profile  at  the  top  part,  aa  saggested,  oompletee  the  downstream  face 
and  orest  of  the  dam  with  a  curve  of  20  feet  radius,  to  which  both  the  front  batter 
and  the  surface  of  the  pond  at  a  level  of  the  crest  are  both  tangent,  this  cnrve 
ending  on  the  crest  at  0  feet  from  the  upper  angle  of  the  crest.  The  upper  angle 
of  the  cr«0t  Is  then  rounded  oS  with  a  smaller  cnrve,  and  the  entire  front  of  the 
dam  becomes  a  reverse  curve  of  ogee  form,  the  form  of  dam  beet  of  all  adapted  to 
pass  a  large  volume  of  waUr  through  so  great  a  height.  The  top  curve  conforms 
nearly  to  the  theoretical  form  of  a  medium  flood  stream.  At  higher  flood  stages 
tliere  will  be  tendency  to  vacuum  under  the  curve  stream  immediately  after  it 
has  pasMd  the  crest,  which,  together  with  the  preasnre  of  the  atmosphere  upon 
the  top  of  the  stream,  will  keep  the  full  flood  stream  in  full  contact  with  the 
curved  face  of  the  dam,  and  cause  even  the  highest  flood  to  glide  down  the  fall 
without  shock  upon  the  face  of  the  dam  or  the  soft  rook  foundation. 
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In  addition  to  this,  Mr.  Fanning  recommended  that  the  power  house 
be  located  in  the  position  shown  in  fig.  5,  and  that  the  river  side  of 
the  power  hoase  rest  on  a  granite  revetment  wall  250  feet  in  length, 
to  protect  it  from  the  force  of  the  water. 

The  board  of  public  works  finally  determined  to  change  the  cross 
section  of  the  dam  to  that  shown  in  fig.  3,  right  half,  to  locate  the 
I)ower  house  near  the  east  end  of  the  dam,  and  to  take  the  water  from 
the  lake  through  9-foot  penstocks.  The  head-gate  maisonry  before 
May,  1893,  is  shown  ip  Pi.  IV,  A^  which  also  illustrates  the  positions 
of  the  wrought-iron  penstocks. 

Pl.  V  shows  the  ''Ijne  of  resistance"  of  the  dam,  on  the  assump- 
tion that  the  masonry  averages  125  pounds  per  cubic  fodt.  This  line 
of  resistance  falls  within  the  middle  third,  and  shows  that  the  cross 
section  was  well  designed  to  resist  the  pressure  of  the  water. 

To  find  the  line  of  resistailce  of  the  dam,  the  height  was  divided 
into  six  equal  sections  of  10  feet  depth,  leaving  the  bottom  or  seventh 
section  6  feet  deep.  The  Areas  of  these  sections  were  found  to  be 
150,  -235,  271,  310,  360,  495,  and  396  square  feet,  respectively.  Their 
centers  of  gravity  were  found  and  marked  Gj,  G2,  G,,  etc.  For  1  foot 
in  length  of  the  dam  the  above  areas  became  the  volumes  of  the  sec- 
tions, in  cubic  feet.  The  weight  of  each  sectipn  was  found  by  multi- 
plying the  volume  by  125,  which  was  assumed  to  be  the  weight,  in 
pounds,  of  a  cubic  foot  of  masonry.  While  the  granite  face  of  the 
area  would  have  weighed  more  than  this,  the  limestone  cement  core 
would  have  weighed  less.  The  weights  of  the  sections  were  18,750, 
29,375,  34,062,  38,750,  45,000,  61,875,  and  49,500  pounds,  respectively, 
and  they  will  be  referred  to  in  this  description  as  Wj,  W2,  W3,  etc. 

The  horizontal  water  pressui*es  were  found  to  be  3,125,  9,375, 15,625, 
21,875,  28,125,  34,375,  and  23,625  pounds,  respectively,  and  they  will 
be  referred  to  as  Pj,  P2,  Ps,  etc.  The  forces  acting  upon  the  first  sec- 
tion were  the  horizontal  water  pressure  of  3,125  pounds  (represented 
by  P|  in  PI.  Y)  and  its  weight  of  18,750  pounds,  acting  through  G^. 
By  producing  the  force  Pj  and  W^  to  intersect,  finding  their  result- 
ant, and  producing  this  resultant  to  cut  the  bed  joint,  we  find  the 
first  point  in  the  line  of  resistance.  The  forces  acting  on  the  first 
two  sections  were  the  two  water  pressures  Pj  and  Pg  (3,125  and  9,375 
pounds,  respectively),  amounting  to  12,500  pounds,  and  acting  as 
represented  by  the  dot-dash  horizontal  line  between  P^  and  Pj;  and 
the  sum  of  the  weights  (Wj  and  Wj)  of  the  first  two  sections,  amount-  * 
ing  to  48,125  pounds,  acting  through  their  common  cent-er  of  gravity 
G1.2.  By  producing  these  two  forces  to  intersect,  and  finding  where 
their  I'csultant  cuts  the  second  bed  joint,  we  determine  a  second  point 
in  the  line  of  resistance.  Similarly,  the  intersection  of  the  resultant 
acting  on  that  part  of  the  dam  above  any  bed  joint  with  said  bed  joint 
can  be  found.  By  joining  the  consecutive  points  where  the  result- 
ants cut  their  corresponding  bed  joint  the  line  of  resistance  is  deter- 
mined. 
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In  the  case  of  .the  Austin  dam  the  line  of  resistance  fell  within  the 
middle  third  of  the  bed  joints,  and  there  was  therefore  no  tension  on 
any  bed  joint. 

By  using  the  force  polygon  shown  on  the  right-hand  side  of  PI.  V , 
the  work  of  constructing  the  line  of  resistance  can  be  greatly  facili- 
tated. Lay  oflP  consecutively,  in  a  vertical  line,  Wj  (the  weight  of  the 
first  section),  Wj  (the  weight  of  the  second  section),  Wg  (the  weight 
of  the  third  section),  etc.,  and  in  a  horizontal  line  lay  off  P|  (the  first 
water  pressure),  P2,  Ps,  6tc.  It  is  clear  that  the  lines  in  this  diagram  ' 
joining  the  ends  of  Wj  and  Pj,  Wg  and  Pj,  Wg  and  Pg,  etc.,  are  paral- 
lel and  equal  in  magnitude  to  the  resultants  acting  on  the  fimst-second, 
the  first-second-third,  etc.  All  that  is  necessary  to  find  the  line  of 
resistance  is  to  produce  P]  to  intersect  a  vertical  through  G^,  and 
through  the  point  of  intersection  draw  a  line  parallel  to  the  first 
diagonal  in  the  force  diagram,  to  cut  the  first  bed  joint,  thus  deter- 
mining the  first  i>oint  in  the  line  of  resistance.  Again,  produce  the 
line  of  horizontal  pressure  represented  by  the  dot-dash  line  between 
Pj  and  P2  to  cut  a  vertical  through  G^^,  and  through  the  point  of 
intersection  draw  a  line  pai*allel  to  the  second  diagonal  in  the  force 
diagram,  to  cut  the  second  bed  joint,  thus  determining  the  second 
point  in  the  line  of  resistance.  In  this  way  all  of  the  points  in  the 
line  of  resistance  can  be  found. 

If  it  is  desired  to  use  graphical  methods  to  find  the  position  of  the 
resultants  of  the  pressures,  select  any  convenient  point  as  a  pole  and 
join  it  to  the  ends  of  Pj,  Pj,  Pg,  etc.,  as  shown  in  the  smaller  diagram 
on  the  right-hand  side  of  PI.  V;  then  construct  the  equilibrium 
polygon,  as  shown  in  the  diagram  to  the  right  of  the  section  of  the' 
dam,  as  follows:  First  draw  a  line  parallel  to  the  line  connecting  the 
pole  with  the  right-hand  end  of  Pj;  this  line  will  cut  Pj  at  any 
assumed  point;  then  draw  aline  parallel  to  the  second  diagonal  from 
the  pole,  and  passing  through  the  point  of  intersQction  of  our  first 
diagonal  of  the  equilibrium  x)olygon  and  Pj;  this  line  will  cut  Pg;  and 
through  this  point  of  intersection  a  third  line  of  the  equilibrium  poly- 
gon is  drawn  parallel  to  the  third  diagonal  from  the  pole;  this  diago- 
nal will  cut  Pg.  In  this  way  the  complete  equilibrium  polygon  is 
constructed.  The  i>osition  of  the  resultants  of  P^  and  Pg  can  be 
found  by  producing  the  third  diagonal  of  the  equilibrium  polygon 
until  it  meets  the  first  diagonal;  that  of  P^,  Pg,  and  Pg  can  be  found 
by  producing  the  fourth  diagonal  until  it  meets  the  first  diagonal  in 
the  equilibrium  polygon;  and  so  on.  By  drawing  lines  through  these 
points  of  intersection  parallel  to  the  resultant  pressures  on  the 
resjwctive  sections,  we  have  the  positions  of  the  resultant  pressures, 
as  shown  in  the  diagram  (PI.  V)  by  the  dot-dash  horizontal  lines. 
The  first  pressure  in  the  case  before  us  was  not  absolutely  horizontal, 
on  aooonnt  of  the  rounded  edge  at  the  top  on  the  upstream  face,  but 
it  was  so  nearly  horizontal  that  it  will  not  materially  modify  the  final 
analysis. 
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The  best  modem  appliances  were  used  in  the  construcCion  of  the 
dam.  The  granite  material  for  the  facingwas  obtained  from  Granite 
Mountain,  near  Marble  Falls,  being  hauled  from  the  quarry  to  the 
dam  over  the  Austin  and  Northwestern  Railway,  a  distance  of  7U 
miles,  and  delivered  at  the  east  end  of  thedam,  as  shown  in  PI.  IV,  A. 
The  granite  blocks  were  of  average  dimensions  and  weighed  4  tons 
each.  The  fonr  classes  of  material  used — i.  e.,  the  limestone  rubble, 
the  cement,  the  sand,  and  the  granite — were  transported  from  the  end 
of  the  dam  to  place  by  a  cable  2^  Inches  in  diameter,  stretched  between 
two  towers— one  on  the  east  and  the  other  on  the  west  blutF^l,350 


feet  apart.  The  cable  was  anchored  to  "dead  men"  at  the  ends, 
weighted  down  by  stone.  The  saddle  shown  in  fig.  4  was  specially 
designed  for  this  work,  and  ran  on  the  main  cable.  The  wire  ropes 
were  known  as  the  "hauling  rope,"  the  "hoisting  rope,"  and  the 
"button  rope."  The  hauling  rope  was  attached  to  the  tower  part  of 
the  frame  work  of  the  saddle,  passed  over  pulleys  at  both  towers,  and 
wound  aroand  a  drum  ander  the  east  tower.  The  endless  hauling 
rope  was  operated  by  an  engine  to  which  its  drum  was  attached.  It 
was  completely  under  the  control  of  the  operator,  and  could  be 
stopped  in  any  position  along  its  course.     After  being  checked  in  the 
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position  desired,  the  drum  operating  the  hoisting  rope  was  brought 
into  motion  and  the  load  was  lowered  to  the  dam. 

The  granit«  blocks  and  the^  larger  limestone  rubble  stones  were 
handled  by  immense  tong-like  grips.  The  oement  and  sand  were 
loaded  into  cages,  transx)orted  to  the  place  of  construction,  and  there 
dumped  on  the  dam.  The  cement  mortar  was  made  at  the  place 
where  it  was  to  be  used,  and  the  blocks  of  masonry  were  placed 
where  needed  by  crane  derricks  shown  in  PL  IV,  B. 

A  wire  rope  one-half  inch  in  diameter  was  used  in  connection 
with  the  cable  and  saddle  to  prevent  excessive  vibration  of  the  oper- 
ating rox>es.  On  this  rope  there  were  buttons  which  increased  in 
size  from  the  tower  to  the  west.  The  hoisting  rope  was  supported  at 
different  points  by  carriers  which  rested,  when  the  saddle  was  sta- 
tionary, on  the  main  cable.  This  carrier  consisted  essentially  of  two 
parallel  bars,  between  which  and  near  the  lower  end  a  small  pulley 
was  supported  to  carry  the  hoisting  rope.  A  series  of  slots  were 
arranged  in  the  upper  part  of  the  carriers  through  which  some  of  the 
buttons  could  pass.  When  near  the  east  tower  the  saddle  supported 
all  of  the  carriers  on  a  horn.  In  moving  from  the  tower  to  the  west, 
the  smaller  button  passed  through  all  of  the  carriers  except  the  last, 
which  it  took  off  the  horn;  the  second  button  passed  through  all  of 
the  remaining  slots  except  that  in  the  second  carrier,  which  it  pulled 
off  the  horn;  etc.  ITie  carriers  were  thus  stripped  off  the  horn  by  the 
buttons  and  rested  on  the  main  cable,  affording  a  groove  or  support 
for  the  hoisting  rope  and  reducing  its  vibration. 

TiEAK  TJISDEB  BTKAD  GATE. 

On  May  30,  1893,  the  water  from  the  lake  cut^under  the  east  bulk- 
head and  undermined  the  proposed  foundation  of  the  power  house. 
It  entered  a  seam  in  the  limestone  slightly  above  the  point  indicated 
at  B  in  fig.  5,  about  90  feet  from  the  dam.  From  this  point  the  course 
of  the  water  was  at  an  angle  of  about  30  degrees  to  the  axis  of  the 
river  to  the  left,  and  it  also  took  a  downward  course  and  passed 
about  25  feet  under  the  foundation  of  the  head-gate  masonry.  A  view 
of  the  power-house  foundation  a  few  days  before  the  break  is  given 
in  PI.  VI,  A.  The  water  issued  from  the  w^st  wall  of  the  proposed 
power-house  foundation  and  soon  wrecked  it.  The  general  course  of 
the  water  was  from  a  x>oint  near  the  6ast  end  of  the  head-gate 
masonry  diagonally  across  the  foundation  to  the  point  of  exit. 

A  cofferdam  about  125  feet  long  was  constructed  of  framework, 
with  dirt  and  hay  as  fillers,  from  a  point  on  the  shore  above  the 
entrance  to  the  crevice  to  a  point  near  the  end  of  the  dam.  This 
effectually  cut  off  the  water  from  the  proposed  forebay,  and  the  work 
of  repair  commenced.  As  originally  designed,  the  head-gate  masonry 
contemplated  9  large  pipes,  but  only  7  were  put  in. 

The  head-gate  masonry  cracked  about  40  feet  from  the  end  of  the 
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dam,  along  the  line  HM  in  fig.  6,  and  settled.  The  earth  east  of  the 
east  end  of  the  head  gate  settled  for  a  distauee  of  25  feet.  Plaos  were 
immediately  adopted  for  raising  and  strengthening  the  cofferdam  so 
as  to  provide  against  floods,  for  rebuilding  the  head  gate,  and  for  the 
cou&truotion  of  a  power-house  foundation.  The  broken  part  of  the 
head-gate  masonry  wsh  removed  (l^i^ving  only  t^hat  over  penstocks  1 


Fia  K.— Section  and  aketch  plsn  of  bolkbead.  HhowlnK  locktioQ  of  power 
boaiw  and  pennlockB.  HE  Ih  bottom  layer  of  concrete  lllllns  ratlngon 
bud UmeetoDS strata:  HU  IsllDeotoraok:  B6  lathe  orlglaal  leralot 
bulkhead  nuaonr; ;  RSTU  IB  tanuel  (t  feet  by  8  feet  by  SO  feet  long) 
filled  with  concrete:  Ala  point  wbere  drift  Indicated  leak  In  the  Bprini 
of  18W:  B  ia  locatl^D  of  leak  dlscoTered  In  the  tall  of  ISK;  P  la  polat 
from  which  view  shown  In  PI,  VU.  A  was  taken;  PO  lsj*lng  wall:  Cia 
ID-Inch  hoiizoatal  pipe  projecting  from  waJI  of  power  hoase,  known  an 
"  the  BprlnK; "  D  ia  cement  chamber  for  oontroUlng  water  and  direct- 
ing it  throDKhC;!  to  Tare  penstocfca;  E  la  the  point  at  which  tbe  leak 
In  penstock  was  tonnd  in  Febmary,  IWD. 

and  2),  and  an  excavation  nearly  200  feet  long  and  70  feet  deep,  with 
an  average  width  of  7  feet,  was  made.  This  trench  reached  to  a  level 
of  67  feet  below  the  crest  of  the  dam,  or  within  3  feet  of  the  level  of 
the  toe.  The  head-gate  masonry  was  rebAiilt,  provision  being  made 
for  only  seven  9-foot  penstocks,  the  rest  of  the  excavation  being  filled 
by  a  concrete  wall  112  feet  long,  which  was  8  feet  thick  for  the  90 
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feet  next  to  the  head  gate  and  only  5  feet  thick  for  the  rest  of  the  dis- 
tance. In  excavating  for  this  extension  wall,  alternate  layers  of  hard 
and  soft  limestone  were  encountered,  as  shown  in  PL  VI,  B.  The 
bottom  layer  of  the  concrete  filling  (HK,  fig.  5)  wa^  laid  on  one  of 
these  hard  strata,  but  it  was  fully  demonstrated  that  a  current  of 
water  was  running  underneath.  Several  holes  were  drilled,  through 
which  the  water  welled  up  in  jets  several  inches  high.  However,  it 
was  thought  safe  to  plug  these  holes  and  to  ignore  the  stream  below. 
The  bulkhead  masonry  originally  extended  to  the  level  RS,  fig.  5, 
36  feet  below  the  top  of  the  dam;  but 'as  an  extra  precaution  a 
tunnel  (RSTU)  6  feet  by  6  feet  square  and  60  feet  long  was  cut  under 
the  bulkhead  masonry  back  to  the  end  of  the  dam  proper,  and  the 
space  was  filled  with  concrete.  The  space  below  the  42-foot  level 
under  the  tunnel  was  not  disturbed. 

The  foundation  for  the  power  house  was  then  excavated  to  a  depth 
of  more  than  80  feet  below  the  crest  of  the  dam.  The  original  con- 
tractors, after  a  dispute  in  regard  to  the  excess  of  water  flooding 
their  work,  surrendered  their  contract.  The  new  contractors  suc- 
ceeded in  controlling  this  water  by  the  use  of  a  cement  chamber  at 
D,  fig.  5,  and  a  10-inch  horizontal  pipe,  which  pi*ojects  from  the  wall 
of  the  power  house  at  the  point  O,  about  54  feet  below  the  crest  of  the 
dam.  This  is  often  referred  to  as  **the  spring."  A  view  of  it  is 
shown  in  PI.  VII,  A,  where  it  is  being  discharged  through  a  10-inch 
pipe  in  the  third  course  of  granite  above  the  toe  of  the  dam.  Meas- 
urements taken  in  October,  1895,  showed  a  range,  on  the  horizontal 
surface  of  water  in  the  tailrace,  of  5.1  feet  and  a  fall  of  5.8  feet, 
giving  a  discharge  of  4.6  feet  per  second.  A  3,000,000-gallon  pump 
entirely  exhausted  this  "spring."  In  May,  1897,  the  flow  from  the 
so-called  "spring"  suddenly  increased.  An  average  of  several  meas- 
urements gave  a  range  of  11  feet  and  a  fall  of  5.8  feet,  and  there- 
fore^ a  discharge  of  about  10  second-feet.  Measurements  recently 
taken  give  a  range  of  8.8  feet  and  a  fall  of  5.8  feet,  and  therefore  a 
discharge  of  8  second-feet.  « 

In  the  spring  of  1899  it  was  discovered,  from  the  behavior  of  drift, 
that  water  was  disapx>earing  from  the  lake  at  point  A,  flg.  5.  This 
source  of  leakage  was  stopped  by  filling  the  lake  at  that  point  with 
clay,  loose  and  in  bags.  While  the  filling  in  was  going  on  the  dis- 
charge of  water  from  the  10-inch  pipe  almost  ceased  for  a  few  hours, 
but  soon  reached  its  normal  amount.  The  filling  kept  the  water  dis- 
colored and  muddy. 

In  the  fall  of  1899  it  was  noticed  that  water  was  disapx>earing  at 
point  B,  fig.  5,  only  a  few  feet  from  the  shore.  A  cofferdam  of  sheet 
piling  was  constructed  around  this  point  and  it  was  filled  with  hay 
•  and  earth.  A  view,  taken  from  point  P,  fig.  5,  of  the  two  leaks  and  of 
the  method  of  filling  by  clay  and  sheet  piling  is  shown  in  PI.  VII,  B. 
The  clay  flUiTig  is  the  pile  of  dirt  adjoining  the  upstream  face  of  the 
dam. 
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In  the  latter  part  of  December,  1899,  the  earth  in  front  of  and 
between  the  power  house  and  bulkhead,  and  at  point  E,  fig.  5, 
began  to  sink  and  continued  to  sink  until  it  was  determined  to  remove 
the  earth  covering  the  9-foot  penstocks  under  the  sunken  areas,  in 
order  to  discover  the  cause.  The  removal  of  the  earth  showed  that 
penstock  No.  3  (fig.  5)  was  buckled,  and  that  at  one  place  it  had  sunk 
about  20  inches.  A  bold  stream  of  water — ^at  least  2  second-feet  in 
amount  and  16  feet  below  the  top  of  the  dam — was  found  when  the 
earth  was  taken  out  between  the  power  house  and  penstock  No.  3, 
and  between  penstocks  Nbs.  3  and  4.  The  stream  of  water  was 
partly  deflected  around  the  north  end  of  the  power  house  and  under 
penstocks  Nos.  1  and  2.  The  water  did  not  rise  in  the  excavation, 
and  it  was  dischar^d  through  some  2-inch  pipes  at  F,  fig.  5,  14  feet 
below  the  crest  of  the  dam,  through  two  or  three  other  small  pipes, 
and  by  absorption  through  the  wing  wall  FC  and  through  the  east 
wall  of  the  power  house.  Penstock  No.  6  was  also  found  buckled  at 
a  joint  about  35  feet  from  the  bulkhead.  The  water  which  caused  the 
settling  came  from  a  broken  2-inch  pipe  tapped  into  the  bottom  of  pen- 
stock No.  5.  The  break  was  at  an  elbow  just  below  the  penstock,  at 
a  point  about  16  feet  below  the  crest  of  the  dam  and  40  feet  from  the 
south  side  of  the  bulkhead  masonry, 

FliOW  OF  COI.ORADO  RIVER. 

The  minimum  flow  of  Colorado  River  was  estimated  in  1890  to  be 
1,000  cubic  feet  per  second;  and  it  was  upon  this  estimate  that  the 
engineers  based  their  calculations  of  the  power  that  would  become 
available  by  the  erection  of  a  dam  60  feet  high  above  low  water. 
With  an  effective  head  of  57.5  feet  and  a  machinery  efficiency  of  80 
per  cent  of  the  theoretic,  for  this  flow  there  would  be  available  con- 
tinuously 5,227  horsepower,  and  if  held  back  nights  and  Sundays  and 
used  only  60  hours  a  week,  14,600  horsepower. 

After  February  10,  1897,  the  city's  plant  furnished  power  for  its 
own  water  and  light  system,  for  the  Dam  and  Suburban  Railway, 
for  the  Rapid  Transit  Street  Railway,  and  for  various  motors  in  the 
city.  This  required,  in  the  opinion  of  the  superintendent  of  water 
and  lights,  an  average  of  about  1,000  horsepower;  that  is,  with  a 
machinerj'^  efficiency  of  75  per  cent,  about  200  cubic  feet  of  water  per 
second.  During  1897  the  lake  level  was  below  the  crest  of  the  dam 
eighty-nine  days,  showing  that  the  supply  of  water  at  the  forebay 
was  not  sufficient  to  carry  the  load  .upon  it.  In  1898  the  water  was 
below  the  crest  one  hundred  and  eighty-six  days,  and  in  1899  it  wa^ 
below  two  hundred  and  four  days,  making  a  total  of  four  hundred 
and  seventy-seven  days  during  the  last  three  years,  or  43  per  cent  of 
the  time  from  January  1,  1897,  to  January  1,  1900. 

The  maximum  flood  height  occurred  on  June  7,  1899,  when  the 
water  level  of  the  lake  was  9.8  feet  above  the  crest  of  the  dam,  giving 
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a  flood  discharge  of  101,000  cubic  feet  per  second,  or  enongh  water 
passing  each  second  to  run  the  plant  eleven  days. 

From  March  15  to  April  17,  1899,  the  lake  level  was  more  than  10 
feet  below  the  crest  of  the  dam;  and  again,  from  September  16  to 
October  23,  it  averaged  about  lOJ  feet  below  the  crest.  In  all,  it  was 
more  than  10  feet  below  the  crest  of  the  dam  during  seventy-two 
days  in  1899,  or  about  one-fifth  of  the  year.  During  these  periods  of 
low  lake  level  the  following  measurements  of  the  flow  were  taken: 

Discharge  measuremenis  of  Colorado  River  during  low  lake  level. 


Diito. 

LocaUty. 

(Hge  height. 

Discharge. 

1800. 

January  81 

March  18 

Head  of  lake....      .  . 

Feet. 

—7.60 

—9.85 

—10.00 

—10.00 

—10. 05 

—10. 05 

—10. 05 

10.46 

—10.36 

—10.35 

—10. 35 

8eeond-feet. 
210 
197 
206 
288 
186 
208 
267 
184 
184 
106 
186 

MarbleFalls 

Forebfty  atdam . 

March  15 ... 

Do 

Tailrace  atdam . .  „  - 

Do 

Marchl7 

Do 

October8 

October  4 

Forehay  at  dam . . .- 

Tailraoe  atdam.. .-. 

Between  bridges 

Head  of  lake .    .  . 

do 

October6 

October4 

MarbleFaUs 

Head  of  lake 

In.  explanation  of  these  measurements  it  is  necessary  to  say  that  the 
low  level  of  the  lake  compelled  the  authorities  of  the  city  to  cut  off  the 
power  from  the  Rapid  Transit  and  the  Dam  and  Suburban  railways 
on  March  20  and  September  9,  and  from  the  tower  lights  on  January 
22  and  September  6.  The  flow  (206  and  186  second-feet)  into  the 
penstocks  was  then  being  utilized  for  pumping  water,  for  operating 
the  street-car  systems,  and  for  running  a  few  motors  in  the  city.  The 
effective  head  on  the  turbines  was  about  50  feet,  giving  a  theoretic 
horsepower  of  860.  The  actual  horsepower  was  about  the  same.  The 
flow  below  the  dam,  at  the  tailrace,  was  in  excess  of  the  inflow  by  27 
and  16  second-feet,  respectively.  The  flow  through  "the  spring" 
pipe  was  10  second-feet,  and  the  rest  can  be  accounted  for  by  the 
momentary  fluctuations  in  the  supply  to  the  turbines  that  ran  the 
street-car  systems.  This  fluctuation  was  caused  and  controlled  by 
the  demand  made  by  the  motors  and  the  cars  for  power.  The  inflow 
was  controlled  by  automatic  gates  that  responded  to  these  demands. 

The  difference  between  the  inflow  and  the  flow  at  the  station  between 
the  bridges  was  81  second-feet.  Barton  Springs  supplied  20  second- 
feet  of  this,  the  jwwer-house  "spring"  10  second-feet,  and  other 
small  springs  along  the  river  between  the  dam  and  the  railroad 
bridges  supplied  a  large  part  of  the  remainder. 

While  the  city  plant  was  furnishing  power  for  all  of  the  purposes 
mentioned,  the  average  flow  at  the  tailrace  was  about  300  second-feet, 
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which  should  have  developed  1,500  horBepower.  During  the  day  the 
flow  was  less  than  during  the  active  hours  of  the  night,  but  measure- 
ments taken  on  the  tailrace  gave  a  flow  of  295  second-feet,  with  the 
turbines  which  ran  the  city's  pumps,  th^  street-oar  systems,  and  the 
city  motors  in  full  operation. 

All  measurements  at  the  station  between  the  railway  and  the  high- 
way bridges  were  so  completely  controlled  by  the  flow  through  the 
penstocks  at  the  dam  that  they  gave  no  indication  of  the  unrestricted 
flow  of  the  Colorado. 

The  minimum  flow  was  not  sufficient  to  carry  the  load  of  the  pumps, 
the  lights,  two  street-car  systems,  and  the  motors  for  power  plants 
in  the  city,  and  when  this  flow  was  decreased  by  the  evaporation  from 
the  lake  surface  (3  square  miles)  the  lake  level  sank  rapidly. 

The  low  stages  of  the  water  in  1899  can  not  be  ascribed  to  a 
decreased  annual  rainfall  but  to  a  very  irregular  one.  For  the  pur- 
pose of  comparison,  the  rainfall  at  Austin  since  1856,  with  the  excep- 
tion of  the  years  1882,  1883,  and  1884,  records  for  which  are  not 
obtainable,  is  given  below. 

RainfdU  at  Austin^  Texas, 


Year. 

Rainfall. 

Tear. 

Rainfall. 

Year. 

RainfaU. 

1856 

Inc}iM. 
19.6 
83.0 
86.4 
28.2 
29.6 
28.7 
22.2 
34.7 
25.2 
37.8 
40.5 
27.8 
40.1 
38.5 

1870 

1871 

1872 

Inches, 
42.5 
80.1 
88.8 
43.4 
46.5 
29.8 
82.6 
41.8 
21.6 
18.8 
48.1 
25.8 
40.8 
32.4 

1887 

1888 

Inches. 
23.5 
51.8 
48.2 
86.4 
87.1 
84.7 
16.d 
27.5 
81.9 
21.9 
28.1 
25.9 
28.0 

1857 

1858 

1889 

1890 

1891 

1892...  

1893 

1859 

1878 

1874 

1860 

1861 

1875 

1876 

1877 :.. 

1862 

1863 

1894 

1864 

1865 

1878. 

1879... 

1880 

1895 

1896 

1897 

1866 

1867 

1868 

1881 

1885 

1898 

1899 

1869 

1886 

The  rainfall  of  1899  (28  inches)  was  greater  than  that  of  1898, 
nearly  equal  to  that  of  1897,  and  greater  than  that  of  1896;  but  the 
rainfall  of  that  year  (1899)  was  concentrated  and  not  distributed 
like  that  of  previous  years.  In  1899  very  heavy  rains  fell  in  the 
months  of  April  and  June.  In  the  latter  month  occurred  the  highest 
flood  within  the  last  twelve  years. 

In  the  discussion  that  arose  over  the  proposition  to  change  the  cross 
section  of  the  dam,  as  shown  in  fig.  3,  the  question  of  the  amount  of 
flow  and  its  effect  on  the  toe  of  the  dam  was  considered.  Mr.  Frlzell 
then  brought  to  the  attention  of  the  engineering  public  the  following 
proof  of  the  formula  of  flow :  Let  H  =  the  height  of  lake  level  above 
crest  of  dam;  x  =  the  part  of  this  height  that  gives  the  velocity  over 
the  crest;  Q  =  flow  in  second-feet;  v  =  velocity  in  feet  per  second; 
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/  =  lengt'h  of  crest;   H  —  a"  =  depth  of  water  on  crest:   Then  v  = 

y/2gx  where  2g  =  64.32  feet;  .*.  Q  =  u  (H  —  ic)  Z  =  7  (H  —  x)  x/2gx. 
This  must  be  a  maximum,  hence  the  derivative  of  Q  with  respect  to 
X  must  be  zero;  hence — 

O  =  ^"^^[^2x1^  --^iT  •••  x  =  iH,  .-.  Q  =  3.09  ZHf 

In  the  case  of  the  Austin  dam,  I  =  1091, . ".  Q  =  3362  Hf. 

The  formula  generally  used  to  find  the  flow  over  crests  is  Q=cl  H  |. 
With  a  view  to  testing  the  reliability  of  this  formula  and  finding 
the  coefiQcint  c,  in  January  and  March,  1900,  measurements  of  velocity 
were  taken,  with  a  small  Price  electric  meter,  by  Mr.  E.  E.  Howard,  a 
senior  in  the  engineering  department  of  the  University  of  Texas.  The 
dam  broke  before  the  investigations  were  completed,  but  the  following 
values  of  the  coefficient  c  were  found : 

Tabular  statement  of  values  of  coefficient  c. 


Date. 

1.09 

1.09 

1.09 

1.09 

.72 

.72 

.72 

.72 

.72 

.72 

.72 

.72 

.72 

.72 

.72 

.42 

.42 

.42 

.42 

1.44 

1.44 

1.44 

1.32 

1.32 

1.82 

1.32 

1.32 

h.{a) 

0.92 
.92 
.92 
.79 
.625 
.625 
.625 
.625 
.625 
.625 
.626 
.625 
.625 
.625 
.625 
.33 
.83 
.83 
.83 
1.04 
1.04 
1.04 
.96 
.96 
.96 
.96 
.96 

I'. 

8.85 
8.99 
3.85 
4.22 
2.83 
2.83 
2.37 
2.29 
2.83 
2.83 
2.33 
2.29 
2.37 
2.29 
2.83 
1.57 
1.61 
1.61 
1.61 
4.95 
4.95 
5.01 
5.27 
5.18 
5.27 
5.18 
5.27 

c. 

3.09 
3.21 
3.09 
3.14 
3.06 
3.06 
3.11 
8.00 
3.06 
3.06 
3.06 
3.00 
8.11 
8.00 
3.06 
3.06 
8.18 
3.13 
3.13 
3.32 
3.32 
3.86 
3.33 
3.26 
3.33 
3.26 
3.33 

1900. 

Janaary  15 , 

Do 

Do  . 

Do 

January  18 _ 

Do 

Do 

Do 

Do.     

Do  

Do 

Do _ 

Do 

Do  .,_ 

Do 

Jannary  26 

Do 

Do _ 

Do  

March28.- 

Do   

Do  

Do  _ 

Do 

Do-  

Do 

Do 

a  Depth  of  water  on  crest. 

Floods  of  historic  importance  occurred  as  follows: 

Feet. 

Febniary,  1843 -^ 36 

March.  1852 .  36 

July.  1869 .43 

October,  1870 36 

June,  1899 .• _ 28 

April,  1900 33 

IRR  40 3 
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On  July  3,  1860,  began  the  longest  and  most  uninterrupted  rain 
ever  known  in  Austin.  It  rained  without  stopping  for  about  sixty- 
four  hours,  and  the  river  rose  to  a  height  of  45  feet.  The  lower  part 
of  the  city  was  overflowed  and  several  people  were  drowned.  The 
town  of  Webberville,  16  miles  below  Austin,  was  also  overflowed,  and 
Bastrop,  30  miles  below,  was  inundated. 

ECONOMIC  ASPECT. 


The  population  and  taxable  wealth  of  the  city  at  various  times  is 
shown  in  the  following  table: 

Population  and  taxable  wealth  of  Austin,  Texas. 


Year. 


Assessed  valna- 

tion  of  real 

estate. 


1889 
1890 
1891 
1893 
1898 
1894 
1895 


$5, 665, 886 
6, 462, 209 
7, 577, 116 
8, 054, 405 
8, 184, 297 
8, 384, 429 
8, 520, 659 


Assessed  valaa- 
tion  of  per- 
sonal property. 


12,324,757 
2, 473, 343 
2, 936, 962 
2,719,818 
2, 697, 633 
2, 640. 342 
2,863,075 


Total  aasesaed 
yalae. 


$7, 990, 643 
8, 935, 552 
10,514,188 
10, 773, 723 
10,881,930 
11,025,368 
11,384,734 


Inorease 
each  year. 


$944, 909 
1,678,530 
259,635 
108,207 
144, 335 
259, 366 


Before  the  issuance  of  the  *1,400,0(X)  of  water  and  light  bonds  in 
1890,  the  bonded  indebtedness  was  as  follows: 

Six  per  cent  bonds  due  in  1901 $12,500 

Six  per  cent  bonds  due  in  1905 40,000 

Six  per  cent  bonds  due  in  1925 72, 500 

Total 125,000 

On  May  5,  1890,  the  city  authorized  the  issuance  of  $1,400,000  water 
and  light  bonds  at  6  per  cent.  The  first  $400,000  were  sold  on  October 
15, 1890,  to  a  syndicate  of  local  capitalists  at  par  and  accrued  interest. 
In  April,  1892,  the  Union  Trust  Company  bought  $500,000  of  the 
bonds  at  95  cents  on  the  dollar,  and  in  1893  Bernard  Corrigan  bought 
$(52,000  of  them  at  95.  Later,  in  1893,  $388,000  were  sold  at  92  and 
$50,000  at  par. 

Total  receipts  from  bonds, 

450  bonds,  at  par $450,000 

562  bonds,  at  95 _ 533,900 

388  bonds,  at  92 356,960 

Total 1,340,860 

The  break  in  the  head-gate  masonry  and  the  destruction  of  the  first 
foundation  of  the  power  house  caused  an  outlay  of  $97,000  above  all 
expectations,  and  it  was  apparent  that  another  issue  of  bonds  would 
be  necessary  to  complete  the  enterprise  as  originally  contemplated. 
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Under  the  direction  of  the  board  of  public  works  the  following 
expenditures  were  made: 

Disbursefnents. 

Engineering  expenses 158,402.37 

Dam. 611,313.30 

Electric-light  dynamos 7,700.55 

Ellectric-i)ower  generators 6, 708. 50 

Belting  43.81 

Powerhouse 45,917.98 

Penstocks,  head-gate  castings,  etc 47.792.19 

Draft-tnhe  excavations 2,314.08 

Pnmp  foundations 653.66 

Bonds    1,237.50 

Head  gates 2,122.60 

Sluice  pipes 2,420.19 

Repairs  op  account  of  brealc 96, 941 .  23 

Wheels,  pumps,  etc _ 43, 41 8. 02 

Countershafting,  pulleys,  etc 1, 203. 85 

Water  distribution  system 158, 081 .  04 

Electrical  distribution  system 115,678.29 

Railroad 87,431.90 

Officeexpenses    10,170.03 

Submerged  lands 27,732.15 

Head-gate  masonries 46, 934. 17 

Power-house  foundations 11,527.60 

Miscellaneous 5,375.74 

Total 1,391,129.64 

The  board  of  public  works  was  discontinued  oh  the  completion  of 
the  dam  in  1893,  and  the  city  council  then  assumed  control  and 
managed  the  plant  until  the  water  and  light  commission  was  created 

« 

by  charter  in  1897.  At  the  time  the  board  of  public  works  was  abol- 
ished there  was  due  and  unpaid  on  contracts  the  sum  of  $55,896.87. 
The  water  and  light  commission  had  exclusive  supervision,  manage- 
ment, and  control  of  the  w^at^rworks  system,  the  electric  lights,  the 
power  plant,  and  all  property,  funds,  and  business  belonging  or  per- 
taining thereto. 

The  $200,000  of  bonds  issued  in  1895  were  utilized  in  paying  the 
$56,000  indebtedness  left  by  the  board  of  public  works,  and  in  com- 
pleting the  water  and  light  system,  with  the  exception  of  the  reservoir. 
The  reservoir  was  never  built.  After  a  site  had  been  practically 
chosen  it  became  evident  that  it  would  be  necessary  to  filter  the  water 
of  the  lake,  and  upon  the  advice  of  Mr.  Allen  Ilazen,  of  New  York 
City,  the  sanitary  engineer  called  in  for  consultation,  it  was  deter- 
mined to  construct  filtering  galleries  in  the  sand  flats  about  2  miles 
below  the  dam,  and  to  transfer  the  pumps  to  a  new  pump  house  to  be 
erected  near  the  filters.  These  galleries,  three  in  number,  were  in 
saceessfal  ox>eration  when  the  dam  broke.     The  lower  station  was 
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equipped  with  a  6,000,000-gallon  pump  and  a  300-kilowatt  synchronous 
motor,  which  cost  $29,380.  The  filtering  galleries  and  connections 
cost,  in  round  numbers,  $21,000. 

No  better  idea  can  be  given  of  the  operation  of  the  plant  than  to 
append  a  report  for  the  twelve  months  ending  November  30,  1899: 

EamiDgs: 

Water .  $40,369.39 

Light 30,192.61 

Power 12,777.14 

Miacellaneons 1,206.86 


Total 


84, 546. 00 


Ck)llected  in  cash 67,298.18 

Duebycity.. 12,745.19 

Garnisheed  accounts 2, 836. 70 

Dne on  bills,  etc. 1,665.99 


Total.... 84,546.00 

For  the  purpose  of  comparison,  the  receipts  and  expenditures  for 
the  last  three  years  are  here  tabulated : 


Receipts  and  disbursements  of  power  plant  at  Austin,  Texas, 


Year  eDding— 


Receipts. 


I 


November  30,1897. 
November  30, 1898. 
November  30, 1899. 


$82, 059. 44 
93,651.05 
82, 927. 43 


Ol>eratiDg 
expenses. 


$36, 709. 07 
36, 239. 32 
39,742.31 


Extensions. 


$57,821.02 
38, 724. 54 
34,711.95 


Total  disburse- 
ments. 


.1 


$94, 530. 09 
74, 963. 86 
74,454.26 


8IL1TING  UP  OF  IiAK£  MCDONAIiD. 

In  1890  cross  sections  of  Colorado  River  were  taken  at  sixteen  sta- 
tions, as  shown  in  the  tabular  statement  on  page  38  and  in  fig.  6.  The 
complete  outline  of  the  diagrams  in  fig.  6  represents  the  original 
cross  section,  the  horizontal  line  being  the  water  surface  even  with 
the  crest  of  the  dam  and  the  shaded  area  showing  the  amount  of  silt 
that  had  been  deposited  up  to  February,  1900.  All  vertical  dimen- 
sions are  exaggerated  three  times  over  the  horizontal  dimensions. 
Cross  sections  were  again  taken  for  the  United  States  Geological  Sur- 
vey in  May,  1897,  also  in  January,  1900.  The  silt  deposited  from 
1893  to  1897  is  represented  by  the  lower  shaded  area,  and  that  deposited 
from  1897  to  1900  by  the  upper  shaded  area. 

The  water  first  flowed  over  the  crest  of  the  dam  on  May  16,  1893, 
at  which  time  there  were  83,556,000  cubic  yards  of  water  in  the  main 
channel  of  the  lake  up  to  the  level  of  the  crest  of  the  dam;  in  1897 
there  were  only  51,889,000  cubic  yards  of  water  in  the  channel,  the 
remaining  31,067,000  cubic  yards  (or  38  per  cent  of  the  original  eapac- 
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ity)  being  silt.     Estimated  in  depths  on  a  square-mile  base  we  have, 
in  1893,  a  volume  of  wat«r  equal  to  a  depth  of  80.9  feet,  and  in  1897, 
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Pro.  6.— Cross  sections  of  Lake  McDonald,  illustrating  accumulation  of  sediment  between  1898 
and  1897  (illustrated  by  the  lower  shaded  area)  and  between  1897  and  1900  (illustrated  by  the 
tipper  shaded  area).    The  number  above  each  section  indicates  its  lengrth,  in  feet. 

four  years  later,  we  have  a  volume  of  water  equal  to  a  depth  of  50 
feet  and  silt  to  a  depth  of  30.9  feet,  showing  the  average  amount  of 
silt  deposited  annually  to  be  7.7  feet,  on  a  square-mile  base. 
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The  following  table  shows  the  maximum  and  mean  depths  of  water 
for  1893  and  1900,  the  maximum  and  mean  depths  of  silt  for  190U,  and 
the  i>ercentage  of  siltin^j;  up  at  the  respective  stations: 

Table  Hhoidng  gilliiig  up  of  Lake  MeDoiiatd. 


U&xlmom  depth 


mir.. 

K 

3.0 -,- 

J:S::::: :::; 

7.0    

7.7S   .- 

56.0 

47.8 
47.5 
47.0 
44.8 

40.9 

15.9 

17.4 

18.9 

20.0 

18.6 
13.2 
7.6 
3.7 

38.0 

85.5 

31.5 

81.5 

37,5 

23.0    1 

90.5    1 

13.4     1 

13.5     1 

>.iit.im 

IWB. 

27.7 

87.6 

30.6 

24.5 

88.4 

19.0 

38.0 

33.0 

36.7 

26.0 

36.3 

36.0 

30.7 

30.8 

27.4 

27.3 

30.3 

10.0 

17.2 

1.1.0 

18.2 

7.0 

11.2 

3.6 

6.6 

'■• 

1800. 

Pm( 

11.1 

31.7 

31.5 

11.9 

23.5 

33.0 

13,7 

17.4 

18.9 

15.4 

15.3 

10.3 

20.6 

oCbIIUds 


81.2     1 

83.2     ' 

30.3    ] 

38.8 

43.0     ! 

56.8 

56.3 

66.9 

71.8 

78.9 

50.4 

80.0 

83.0 

85.0 

The  maximum  depth  of  silt  is  not  always  equal  to  the  difference 
between  the  maximum  depth  of  water  for  1803  and  1900,  as  the  chan- 
nel shifted  at  several  points.  This  is  very  noticeable  at  station  13.7, 
known  as  the  Santa  Monica  (or  Sulphiir)  Springs  station.  The  last 
column  ("Amount  of  silting  up,"  etc.)  gives  the  ratio  that  the  present 

ci'O.sssectionofsilt 
bears  to  the  origi- 
nal  cross  section 
of    wat^er.      Thus 
at  Santa  Monica 
Springs     (station 
13.7)  78.9percent 
of     the     original 
cross  section  has 
filled  with  silt. 
In       Februarj-, 
""     1900,    there   were 
43,460,000     cubic 
yards  of  water  in  the  main  channel  of  the  lake  beneath  the  level  of 
the  top  of  the  dam  (equivalent  to  42.1  feet  on  a  square-mile  base) 
and  38. 8  feet  of  silt.     Thus  48  per  cent  of  the  original  storage  capacity 
of  the  lake  was  at  that  time  mud.     Up  to  that  date  the  average  rat« 
of  deposit,  on  a  square-mile  base,  was  5,8  feet  per  year. 


.— Uonernlizod  cross  se 
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In  1897  this  silt,  to  within  2  miles  of  the  b^ad  of  the  lake,  was  a 
fine,  impalpable,  absolutely  gritless  deposit,  and  where  newlj'  exposed 
would  not  bear  an  appreciable  weight  on  its  surface.  The  writor  has 
oft'Cn  tried  its  resistance  all  along  the  lake,  aiid  an  oar  could  be  driven 
into  it  several  feet  with  moderate  pressure.  Shovelfuls  of  it  placed 
upon  boards  in  a  heaped-up  mass  would  immediately  settle  and 
spread  so  that  the  upper  surface  was  almost  horizontal.  A  barrelfiil 
of  it,  when  first  taken  up  at  Santa  Monica  Springs,  soon  spread  out  in 
a  flat  sheet.  At  the  head  and  for  about  2  miles  down  the  lake  the  silt 
consisted  of  a  sand  which  readily  deposited  when  the  velocity  of  the 
stream  was  checked  by  the  waters  of  the  lake.  At  occasional  points 
below  the  head  of  the  lake  small  bars  of  sand  were  found  near  the 
mouths  of  small  canyons  or  creeks. 

From  March  15  to  April,  1899,  the  water  level  of  the  lake  was  a 


Pio.  8.— Layer  •>[  tiilt  remklulDK  on  plateau  after  dtBtrnction  of  dam. 

little  more  than  10  feet  below  the  crest  of  the  dam.  The  water  again 
commenced  flowing  over  the  crest  of  "the  dam  on  April  HI  and  con- 
tinued to  flow  over,  at  small  depths,  until  June  7,  when  the  river  rose 
to  a  height  of  9.8  feet  above  the  crest  of  the  dam.  This  flood  contin- 
ued until  June  12,  and  its  effect  on  the  cross  sections  near  the  head 
of  the  late  was  marked.  The  sections  at  stations  14. C,  15. )i,  17,4,  and 
18.!twerescouredout2to3feetdeeper  than  the  sections  of  1897,  and  at 
station  15.9  a  sand  bar  was  deposited  on  the  inside  (left)  of  the  curve  of 
the  river,  contracting  the  channel  to  les.i  than  half  its  former  width. 

The  typical  section  illustrating  the  ratio  of  silt  and  water  areas  for 
the  whole  lake  is  about  midway  between  st-ations  5.fi  and  7.0,  i.  e., 
abotit  one-fonrth  of  a  mile  below  the  Chautauqua  wharf.  Fig.  7  illus- 
trates this  section,  the  vertical  scale  being  magnified  ten  times. 

Fig-  2  shows  the  configuration  and  geography  of  the  lake  formeil  by 
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the  dam.  The  river,  as  shown  by  fig.  1,  for  200  or  300  miles,  flows 
through  a  hilly  country,  from  above  Colorado  City,  on  the  Texas  and 
Pa<;ific  Railroad,  and  in  its  course  absorbs  the  waters  of  the  Concho, 
the  San  Saba,  the  Llano,  and  the  Pecan  Bayou.  All  of  the  country 
drained  by  these  tributaries  is  hilly,  with  the  exception  of  a  few  miles 
along  the  head  of  the  Colorado  and  the  Concho. 

When  the  break  occurred  the  silt  in  the  immediate  vicinity  of  the 
dam  would  have  flowed  out  had  there  been  no  water.  Just  above  the 
part  of  the  dam  that  gave  way  was  a  plateau  whose  surface  was  on 
an  average  about  18  feet  below  the  crest  of  the  dam.  At  the  time  of 
the  break  the  lake  level  was  11  feet  above  the  crest  of  the  dam,  making 
the  depth  of  water  on  the  plateau  29  feet.  The  torrent  poured  over 
this  plateau  with  immense  velocity,  as  shown  in  Pis.  X  and  XI. 
The  silt  on  the  plateau  was  cut  away  with  such  swiftness  that  in 
three  hours  it  was  swept  almost  clean.  Only  a  slight  amount  remained, 
as  can  be  seen  from  flg.  8;  the  men  are  standing  on  the  original  soil 
of  the  plateau,  the  silt  appearing  behind  them. 

In  tlie  main  channel  the  upper  surface  of  the  silt  was  38  feet  below 
the  crest  of  the  dam,  giving,  at  the  time  of  the  break,  a  depth  of 
water  in  the  main  channel  of  49  feet.  After  the  water  level  dropped 
below  the  plateau  the  current  was  confined  to  a  narrow  gorge.  The 
flood  continued  in  the  main  channel  for  several  days.  A  week  after 
the  failure  the  silt  along  the  shores  of  the  former  lake  was  cut  into 
fantastic  shapes  by  the  currents  of  the  river  and  those  of  many  moun- 
tain gorges.  The  silt  in  contact  with  the  dam  undoubtedly  increased 
the  pressure  against  it,  but  that  i)ortion  of  the  dam  across  the  main 
channel  where  the  silt  was  28  feet  deep  and  where  the  pressure  was 
greatest  was  on  a  good  hard  rock  foundation  and  successfully 
resisted  it.  There  was  practically  no  waterlogged  drift  in  this  silt; 
the  soundings  indicated  mud  bottom.  The  silt  deposit  kept  the  river 
at  Austin  muddy  for  months  after  the  failure.  (It  is  still  muddy — 
November  1,  1900.) 

PL  VIII,  B,  is  a  view  of  the  lake  from  Mount  Bonnel,  looking  up 
the  river,  two  weeks  after  the  break,  with  the  freshet  still  on.  The 
extreme  right-hand  part  of  the  curve  is  the  mouth  of  Bull  Creek. 

For  purposes  of  comparison,  the  silting  up  of  reservoirs  is  best 
reduced  to  heights  and  depths  on  a  square-mile  base.  To  derive  an 
expression  for  the  amount  of  silt  deposited  in  a  given  time,  let  x  equal 
depth,  in  feet,  of  silt  deposited  in  a  year  by  each  foot  of  water  in  the 
reservoir,  and  let  h  equal  the  original  depth  of  the  i-eservoir.  The 
depths  of  water  are  at  the  end  of  one,  two,  three,  etc.  n  years: 

First  year,  h^h  x:=h (1  —  x) ; 

Second  year,  /*(1  — a?)  —h{l  —  x)x=h{l  —  x)*; 

Third  year,  /i  (1  -  a: ) » -  /i  (1  -  a?)  •a?=  /i  (1  -  a?) » ; 

Fourth  year,  h{t-x)*-h{l—x)^x=h(i—x)\ 
Hence,  if  we  let  d=depth  of  water  in  n  years,  we  have  d=h  (1— a?)". 
In  1897  /i=81,  d=50,  n=4;  .-.  a?=0.1135. 
In  1900  we  have  d=0.62h,  n=6i,  (1— a:)V=0.52;  .-.j  =0.09843. 
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For  safety  let  ns  assume  the  least  value  of  x;  the  following  table 
gives  the  results  for  each  year  on  that  assumption : 

Table  shotring  silting  up  of  reservoirs. 


Amonot  of 
water,  d+h. 


n  yean. 


Amoant  of 
water,  d-i-h. 


0.808 
.279 
.253 
.230 
.208 
.189 
.171 
.155 
.191 
.086 
.053 
.020 


These  results  will  not  be  correct  for  any  reservoir  in  which  there  is 
an  appreciable  current  acting  on  the  bottom  of  the  basin,  i.  e.,  on  the 
upper  surface  of  the 
silt.  In  Lake  Mc- 
Donald the  level  of 
the  water  could  sink 
to  10  feet  below  the 
crest  of  the  dam  and 
there  would  still  be 
a  fair  current  in  the 
X>enstocks,  as  the 
bottom  of  the  fore- 
bay  was  12  feet  be- 
low the  crest.  When 
this  condition  ob- 
tained, as  it  did  dur- 
ing the  months  of 
March,  April,  and 
October,  1899,  there 

was  a  current  on  the  npper  third  of  the  lake.  Unless  the  lake  waa 
drained  by  the  three  3-foot  pipes  at  the  west  end  of  the  dam  (which 
did  not  occur  after  1893),  it  was  not  possible  for  the  current  under 
ordinary  conditions  to  affect  the  silt  in  the  lower  two-thirds  of  the  lake. 
The  results  of  the  table  are  illustrated  in  fig.  9. 

FAIIiURB  OF  THE  I>AM. 

At  Austin  the  Colorado  emerges  from  a  mountainous  country 
which  extends  for  a  distance  of  over  200  miles  in  a  northwesterly  direc- 
tion. The  channel  above  Austin  is  for  the  most  part  a  sinuous^gorge 
held  in  by  limestone  mountains  and  hills.  Austin  is  at  the  foot  of  a 
long  range  of  mountains,  37,000  square  miles  of  which  afford  a  drain- 
age area  for  Colorado  River.     The  river  is  fed  by  the  Perdinales,  the 
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Fio.  9.— Curve  illxistrating  progress  of  silting  in  Lake  McDon- 
ald. 
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Llano,  the  San  Saba,  the  Concho,  and  the  Pecan  Bayou.  The  configura- 
tion of  the  country  is  such  that  the  water  runs  off  rapidly  into  streams. 
From  1  p.  m.  on  April  G  t;0  4  a.  ra.  on  April  7  there  was  a  rainfall 
of  5  inches  at  and  in  the  vicinity  of  Austin,  in  a  mountainous  coun- 
try and  on  ground  already  wet.  In  addition  to  this,  tremendous 
rains  fell  all  along  the  Colorado  and  its  tributaries  from  Austin  a»s 
far  up  as  Llano,  a  distance  of  over  100  miles.  The  river  rose  rapidly, 
and  by  10  a.  m.  on  Saturday,  April  7,  it  was  apparent  that  the  dam 
would  be  called  upon  to  withstand  the  biggest  flood  since  water  first 
wetted  its  crest  on  May  16,  1893.  At  that  hour  the  water  level  of  the 
lake  was  more  than  10  feet  above  the  crest  of  the  dam  and  it 
was  rising  nearly  2  feet  an  hour.  The  greatest  previous  flood 
height  occurred  at  9  p.  m.  on  June  7,  1899,  when  the  lake  level  was 

V  luttt  9.8    feet    above 

V 


the  eldest  of  the 
dam.  The  water 
rose  rather  grad- 
ually through- 
out the  day  to  its 
maximum  level 
of  9.8  feet.  PI. 
IX,  £,  gives  a 
view  of  the  flood 
of  June  7,  1899, 
taken  when  the 
lake  level  was 
9.25  feet  above 
the  crest  of  the 
dam  and  the  wa- 
ter level  only 
22  inches  lower 
than  that  of 
April    7,     1900; 

and  PI.  IX,  Ay  is  a  reproduction  of  a  snapshot  picture  taken  with  a 
small  kodak  five  minutes  before  the  dam  broke.  It  shows  con- 
clusively that  there  was  no  drift  in  concentrated  masses.  Isolated 
logs  and  debris  were  passing,  but  they  never  came  within  8  feet  of  the 
crest  of  the  dam. 

At  11.20  a.  m.  on  April  7,  when  the  lajce  level  had  reached  a  height 
of  11.07  feet  above  the  crest  of  the  dam,  the  dam  gave  way  at  the  point 
marked  B  in  fig.  10,  about  300  feet  from  the  east  end  of  the  dam. 
Observers  at  E,  F,  and  II  all  agree  in  their  testimony  that  it  first 
opened  at  B,  and  as  though  the  mad  current  had  simply  pushed  its 
way  through  the  structure.  Sooner  than  it  takes  to  write  these  words 
the  two  sections  AB  and  BC,  each  about  250  feet  long,  were  shoved 
or  pushed  into  the  lower  positions  A'B'  and  B'C,  about  60  feet  from 


Fio.  10.— Plan  showing  break  in  dam  April  7, 1900.  KC  is  western  part 
of  dam  (456  feet  long  on  crest)  left  standing;  HA  is  eastern  part  (83 
feet  long  on  crest)  left  (standing;  ABand  BCare  portions  of  dam  first 
broken;  zymn  is  dynamo  room  at  power  house;  P  is  pump  room;  L 
is  point  from  which  view  shown  in  PI.  XV,  A^  was  taken;  F  is  point 
from  which  Tiew  shown  in  PI.  XIII,  A^  was  taken;  Qt  is  point  from 
which  view  shown  in  PI  XIII,  B,  was  taken ;  M  is  point  from  which  view 
shown  in  PI.  XI,  A^  was  taken;  E  is  point  from  which  view  shown  in  PI. 
IX,  A^  was  taken;  H8  is  bulkhead;  B'C  and  D'A'  are  portions  of  dam 
that  broke  and  disappeared  45  minutes  after  break ;  B'D'  is  the  broken 
portion  of  dam  still  standing;  S  is  point  from  which  view  shown  in 
PL  XI,  By  was  taken. 
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their  former  positions  in  the  dam.  There  was  not  the  slightest  over- 
turning. After  the  warning  break  at  B,  the  water  over  the  part  ABC 
was  seen  to  rise  several  feet,  and  the  next  instant  the  pent-up  waters 
were  pouring  over  the  sections  A'B'  and  C'B'. 

The  view  shown  in  PL  X,  A,  was  taken  at  11.23  a.  m.,  or  three 
minutes  after  the  failure.  The  parts  may  be  identified  by  comparing 
PI.  X,  Ay  with  fig.  5  and  with  the  sketch  plan,  fig.  10,  the  view  shown 
in  PL  X,  Ay  extending  slightly  beyond  C  in  fig.  10.  By  11.30  a.  m.  the 
lake  level  had  fallen  to  the  crest  of  the  dam,  and  the  sections  A'B'  and 
B'C  were  seen  to  be  upright,  each  still  a  solid  mass,  complete,  unbroken, 
and  intact,  except  for  the  scaling  off  of  the  granite  facing  from  the 
downstream  side,  occupying  a  position  practically  parallel  to  the  dam, 
a  view  of  which  is  shown  in  PL  X,  jB,  a  snapshot  taken  ten  minutes 
after  the  break.  To  the  casual  observer  the  detached  portions  at  this 
time  had  the  appearance  of  having  been  erected  in  their  new  positions 
by  the  original  contractor.  The  crests  of  the  sections  A'B'  and  B'C 
were  about  on  a  level  with  their  original  positions,  except  at  C,  where 
the  crest  was  slightly  higher,  giving  B'C  a  slight  longitudinal  dip 
toward  the  power  house.  Measuring  along  the  crest  the  break  left 
456  feet  of  the  dam  (KC  in  fig.  10),  at  the  west  end  and  83  feet  (AH) 
at  the  east  end  still  standing  unaffected. 

As  soon  as  the  sections  were  broken  out  and  moved  to  the  positions 
A'B'  and  B'C,  the  partially  pent-up  waters  rushed  through  the  gap, 
those  held  back  by  CK  producing  a  strong  current  in  the  direction  of 
the  power  house.  This  current  struck  the  wall  of  the  power  house 
almost  on  a  level  with  the  floor  of  the  pump  room  (about  12  feet  below 
the  crest  of  the  dam),  crushed  in  all  of  the  windows  on  the  west  side, 
flooded  all  of  the  lower  stories,  and  caught  and  drowned  five  em- 
ployees and  three  small  boys.  Two  of  the  employees  miraculously 
escaped  by  climbing  through  a  belt  hole  in  the  dynamo  room  (x  y  m  n, 
fig.  10).  These  workmen  were  pumping  water  from  the  lower  portions 
of  the  power  house. 

At  12  o'clock,  forty  minutes  after  the  break,  the  broken  section  B'C 
turned  over  toward  the  dam  and  disappeared  beneath  the  torrent, 
and  the  eastern  end  of  the  section  A'B'  was  broken  up  and  engulfed. 
This  left  about  100  feet  (B'D'),  which  was  shifted  slightly  out  of  its 
parallel  position.  This  section  (B'D')  was  cracked  from  the  crest  as 
far  down  as  could  be  seen.  Sometime  during  Saturday  night  the 
smallest  portion  of  this  100-foot  section  was  swept  away.  The  picture 
reproduced  in  PL  XI,  -4,  was  taken  from  the  top  of  the  bulkhead  at 
2  p.  m.  on  Saturday,  April  7. 

At  12.05  a.  m.,  Sunday,  April  8,  the  northern  two-thirds  (x  y  m  n, 
fig.  10)  of  the  west  wall  of  the  power  house  gave  way  and  fell,  taking 
with  it  the  roof  over  the  dynamo  room  and  wrecking  the  correspond- 
ing part  of  the  east  wall.  The  power  house  was  198  feet  by  54  feet, 
and  had  a  total  height  on  the  river  side  of  112  feet.     The  walls  wer^ 
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of  brick,  except  the  first  20  feet,  which  were  constructed  of  dressed 
^•anite  rocks  about  2i  feet  by  5  feet  by  3  feet.  The  dynamo  floor 
(x  y  m  n,  fig.  10)  was  about  on  a  level  with  the  crest  of  the  dam. 
The  floor  of  this  room  extended  as  a  gallery  over  the  pump  room 
(P)  in  which  the  big  duplex  pumps  were  located. 

The  broken  sections  moved  back  about  60  feet  and  the  toe  rested 
on  the  shore  line  of  the  tailrace.  The  impact  and  the  resultant  com- 
pressive stress  on  the  stones  on  the  curved  face  tore  the  granite  facing 
loose  from  the  core  in  several  places.  The  section  was  stripped  of 
its  facing  stones  in  the  third  course  from  the  top  as  far  down  as  could 
be  seen,  a  distance  of  fully  30  feet.  Some  of  the  top  granite  stones 
of  the  section  were  loosened  in  their  beds  by  the  break  and  were  car- 
ried away  by  the  current. 

Specimens  of  the  cement  of  the  core  have  been  examined  and  these 
have  been  found  to  be  first  class  in  every  particular.  In  some  places 
breaks  occurred  through  limestone  rubble  and  the  adhering  cement, 
showing  that  the  strength  of  the  joint  was  superior  to  that  of  the 
limestone. 

The  behavior  of  the  granite  facing  indicates  very  clearly  that  it 
was  easily  pulled  off  by  the  immense  forces  brought  into  play.  The 
impact  cracked  the  section  along  an  irregular  surface  about  42  feet 
below  the  crest. 

There  was  not  sufficient  continuity  between  the  rubble  core  and  the 
granite  facing.  There  were  slight  irregularities  in  the  line  of  contact 
between  the  granite  and  the  rubble,  but  when  subjected  to  the  power- 
ful forces  of  the  water  pressure  the  two  separated  at  many  places. 
In  a  few  cases  isolated  granite  blocks  on  the  curved  crest  were  forced 
from  their  beds,  as  shown  by  the  dark  spot  on  the  curved  crest  in  PL  X,  B. 

The  maximum  depth  of  the  water  near  the  dam  was  only  38  feet 
below  the  crest.  Thus  at  the  time  of  the  break  the  total  depth  was 
a  little  more  than  49  feet.  The  lake  had  silted  up  from  the  original 
bed-rock  bottom  in  the  main  stream  exactly  30  feet.  Had  there  been 
no  silt  a  much  larger  volume  of  water  would  have  passed  and  the 
results  have  been  more  disastrous  at  and  below  the  dam.  While  this 
silt  would  flow,  it  was  sluggish  and  served  to  retard  the  current, 
thus  prolonging  the  flood  several  hours  (it  actually  continued,  with 
great  velocity,  for  nearly  two  days).  Within  twenty-four  hours  the 
river  level  had  fallen  more  than  40  feet,  but  this  only  served  to  con- 
fine the  flood  to  the  main  channel,  with  little  diminution  of  velocity. 
At  3.20  p.  m.,  four  hours  after  the  dam  broke,  the  water  level  had 
dropi)ed  30  feet  and  was  at  the  high- water  mark  of  the  old  channel, 
cutting  the  banks  both  above  and  below  the  dam.  Below  the  dam 
the  alluvial  banks  reached  a  height  of  64  feet  above  the  toe  of  the  dam. 
This  whole  mass  was  in  a  few  hours  cut  back  40  feet.  The  effect 
of  this  continuous  flood  on  the  silt  deposited  in  the  lake  since  1893 
is  considered  under  the  heading  "Silting  up  of  Lake  McDonald,'* 
page  36. 
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It  is  almost  certain  that  the  dam  failed  by  sliding.  It  seems  that 
at  a  point  300  to  400  feet  from  the  east  end  the  limestone  upon  which 
the  dam  rested  was  of  a  friable  nature.  Mr.  Frizell  realized  this,  and 
it  was  stated  to  be  a  part  of  his  plan,  had  he  continued  in  charge  of 
the  work,  to  reenforce  the  bottom  of  the  river  just  below  the  dam  by 
a  cement  foundation  about  100  feet  wide  by  600  feet  long;  it  was  also 
contrary  to  his  purpose  to  have  the  water  of  the  tailrace  run  along 
the  toe  of  the  dam. 

In  order  to  ascertain  whether  any  of  the  foundation  of  the  dam 
remains  in  the  broken  gap,  soundings  were  made  in  June  and  in  the 
latter  part  of  October,  1900.  Three  lines  (A,  B,  and  C)  of  soundings  were 
made  parallel  to  the  upper  face  of  the  dam,  namely,  at  2,  16.5,  and  42 
feet,  respectively,  from  the  upper  face.  A  cord  was  tagged  every  20 
feet,  and  the  soundings  were  made  with  a  sharpened  three-fourths- 
inch  iron  rod.  Stations  were  taken  west  to  east.  The  following  table 
shows  the  result  of  the  soundings,  the  depth  being  measured  from  the 
crest  of  dam.  When  the  October  soundings  were  made  the  water  sur- 
face was  56.1  feet  below  the  crest  of  the  dam.  The  rod  soundings 
were  added  to  this  to  give  the  depth  recorded  in  the  table. 

jResiUt  of  soundings  taken  at  Austin  dam.  site  in  June  and  October,  1900, 
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71.1 
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68.9 
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Dam 
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...do.- 

...do.. 

...do.. 

...do.. 
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....do.. 
....do  ._ 

...do.. 
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edge. 
63.1 

67.9 
68.4 

69.5 
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72.5 
72.4 
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73.5 
73.1 
71.3 
71.0 
69.6 
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Dam. 

Solid 
rock. 
Do. 
Mud. 

Solid 
rock. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Sand. 
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Mud. 
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a  Sand  was  found,  bat  the  sonnding  rod  was  driven  throagh  to  solid  rock. 
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If  we  remember  that  the  height  of  the  dam  above  the  rocky  bed  of 
the  river  was  66  feet,  and  that  the  foundation  was  not  (except  as 
noted  on  the  next  page  by  Mr.  E.  W.  Groves),  even  with  its  toe-hold, 
more  than  68  feet  below  the  crest,  a  glance  at  the  foregoing  table  will 
convince  anyone  that  no  part  of  the  foundation  in  the  western  300 
feet  of  the  broken  section  remains.  From  the  present  ordinary 
eastern  water's  edge  a  large  sand  bank  extends  along  the  entire  eas- 
tern section  still  remaining.  Soundings  were  not  made  through  this 
30-foot  sand  bank,  but  the  crest  of  the  big  section  of  the  dam,  shown 
in  all  of  the  views  of  the  broken  part,  is  only  4  feet  lower  than  the 
crest  of  the  portion  standing,  which  indicates  very  clearly  that  its 
foundation  went  with  it,  as  it  is  resting  practically  in  the  old  tailrace, 
whose  bed  was  lower  .than  the  bed  of  the  dam. 

On  April  8,  1896  (four  years  before  the  dam  failed),  in  a  letter  to 
the  mayor,  Mr.  Frizell  called  attention  to  the  fact  that  dangerous 
abrasion  might  occur  near  the  point  mentioned,  i.  e.,  300  to  400  feet 
from  the  east  end.  The  waters  of  the  tailrace  followed  the  toe  of  the 
dam  fully  600  feet  and  were  discharged  through  a  narrow  neck  45  feet 
wide,  at  an  average  depth  of  2.8  feet  during  the  day  and  about  3  feet 
at  night  when  the  full  power  was  on.  In  March,  1899,  the  writ-er, 
with  Mr.  H.  K.  Seltzer,  made  soundings  along  the  toe  of  the  dam 
between  this  narrow  neck  and  the  power  house.  At  or  near  the  point 
where  the  break  occun'ed  the  bottom  was  not  I'eached  with  a  rod  5.3 
feet  long,  even  when  the  hand  holding  it  was  thrust  at  least  2  feet 
below  the  surface.  The  water  surface  of  the  tailrace  was  then  2.5 
feet  below  the  toe  of  the  dam.  This  makes  the  bottom  of  the  tailrace 
more  than  9.5  feet  below  the  top  of  the  toe  of  dam.  The  tailrace  near 
the  dam  passed  over  a  shoal-like  formation  and  entered  the  tailrace 
pond  about  50  feet  from  the  east  end  of  the  dam.  Between  this  point 
and  the  narrow  neck  alluded  to  the  tailrace  was  bounded  by  the  toe 
of  the  dam  and  an  elliptical  shore  line.  Its  maximum  width  was  125 
feet,  its  narrowest  width  (at  the  neck)  45  feet.  It  was  at  this  neck 
that  many  measurements  of  flow  were  made  during  1888  and  1889  for 
the  United  States  Geological  Survey.  In  March,  1899,  simultaneous 
measurements  were  made  of  the  tailrace  at  this  neck  and  of  the  fore- 
bay;  and  while  the  flow  through  the  tailrace  exceeded  that  in  the 
forebay,  the  difference  was  not  greater  than  could  be  accounted  for 
by  the  fluctuations  of  flow  caused  by  increased  demands  on  the  street- 
car service.  Early  in  1899,  when  the  lake  level  was  10  feet  below  the 
crest  of  the  dam,  the  writer  urged  some  of  the  authorities  to  shut  oflf 
all  power  some  night  at  12  o'clock,  and  after  the  tailrace  water  had 
run  off  to  have  the  flow  measured  in  order  to  ascertain  the  leakage, 
if  any;  but  there  were  difficulties  which  prevented  the  stopping  of 
the  works.  It  is  probable  that  there  was  no  leak  under  the  dam  from 
the  lake.  Water  from  the  lake  going  under  the  dam  would  have  been 
under  a  head  of  Q6  feet,  and  would  have  emerged  with  a  velocity  of 
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more  than  64  feet  per  second,  which  would  have  cut  away  the  lime- 
stone foundation  in  a  few  hours. 

Mr.  E.  W.  Groves,  who  was  connected  with  the  work,  as  an  engineer, 
from  the  preliminary  surveys  to  the  completion  of  the  dam,  states  that 
for  the  first  150  feet  from  the  east  bluff  very  good  rock  was  found; 
that  at  that  point  a  fault  75  feet  wide  was  encountered,  in  which  there 
was  no  semblance  of  stratified  rock,  most  of  the  material  being  adobe 
or  pulverized  rock,  with  an  occasional  streak  of  red  clay;  that  the  exca- 
vation in  this  space  was  carried  down  8  or  10  feet  in  the  upstream 
trench,  and  the  trench  widened  from  4  feet  to  10  or  15  feet;  that  the 
fault  extended  to  an  indefinite  depth;  that  from  the  west  edge  of  the 
fault  the  foundation  rock  was  poor  for  350  feet,  and  that  a  supple- 
mentary protection  was  added  to  the  upstream  side  opposite  the  fault 
by  dumping  clay  along  the  face  of  the  dam. 

The  limestone  formation  in  the  vicinity  of  the  dam  consisted  of  alter- 
nately hard  and  soft  strata.     The  outcropping  in  Bee  Creek  (just  above 


Fig.  11.— CrtMs  section  showing  tindennining  of  toe  of  dam. 

the  dam),  that  at  Taylor's  lime  chute  (about  a  half  mile  above  the 
dam),  and  that  through  which  the  excavation  was  made  to  repair  the 
head-gate  masonry  are  all  of  that  character.  The  soft  strata  could 
be  handled  without  a  pick  and  often  with  a  shovel,  but  the  hard  strata 
was  composed  of  a  fairly  good  quality  of  limestone.  In  its  western 
part  the  dam  rested  on  one  of  these  hard  stratas.  During  a  freshet 
in  1892  the  overfall  cut  through  this  hard  strata,  tore  up  large  pieces 
(some  of  them  10  feet  long,  4  feet  wide,  and  2.5  feet  thick  and  of  7  to 
8  tons  weight),  and  deposited  a  whole  quarry  in  a  confused  and  irreg- 
ular pile  about  150  to  200  yards  farther  down  the  river.  These  stones 
remained  in  that  location  until  the  big  freshet  of  June  7,  1899,  when 
they  were  carried  away. 

The  foregoing  facts  are  necessary  for  a  proper  understanding  of 
what  follows.  In  1897,  Mr.  J.  G.  Palm,  one  of  Austin's  leading  citi- 
zens and  a  cashier  of  the  oldest  national  bank  in  the  city,  while  fish- 
ing along  the  toe  of  the  dam,  ran  his  fishing  pole  under  the  toe  for  a 
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distance  of  (J  feet.  This  shows  conclu- 
sively that  either  the  water  flowing  along 
the  tailrace  had  scoured  out  the  foun- 
dation under  the  toe  of  the  dam  or  the 
overf ailing  water  had  undermined  it.  A 
large  percentage  of  the  water  flowing 
over  the  east  half  of  the  dam  at  ordinary 
height  reenforced  the  tailrace  wat«rs  and 
produced  a  strong  current  along  the  toe 
of  the  dam  for  more  than  half  its  length. 
It  has  now  been  proved,  by  actual  meas- 
urements, that  the  toe  was  cut  under  at 
somepIace,asshowninfig.  11.  Inspeak- 
ing  about  the  matter  Mr.  Palm  said  that 
he  often  wondered  why  the  toe  did  not 
break  off.  This  undermining  of  the  toe 
left  the  dam  exposed  to  the  pressure  of 
the  water,  and  it  became  only  a  question 
of  which  was  the  stronger — the  water  or 
the  friction  between  the  dam  and  its  bed. 

In  regard  to  the  geologic  formations, 
the  following  is  quoted  from  a  letter  of 
Mr.  Robert  T.  Hill,  of  the  United  States 
Geological  Survey,  in  the  Engineering 
News  of  May  3,  1900: 

In  the  plateau  conntTy,  which  b^ns  abont  a 
mile  above  the  present  site  of  the  dam,  the  strata 
are  firm  and  horizontal,  and  the  river  Sown  OTer 
ledgeeof  firm  and  solid  Tocb,  which  wonld  bavo 
made  a  enitable  and  dnrable  fonndation  for  the 
cDnstrnction.  Jnst  below  this  point, and  within 
abeltof  coontryiipon  which  the  dam  islocated, 
the  strata  are  excessively  jointed  and  faulted, 
coDBtitating  what  is  technically  known  ae  the 
Balconea  fault  zone,  as  shown  in  [fig.  12}.  The 
geological  formation  ia  also  different,  consists 
ing  of  the  limestones  of  the  Eldwards  forma- 
tion, which  ore  exceedingly  porons  and  soluble, 
while  to  the  west  of  the  fault  zone  the  strata 
are  less  soluble  and  more  dnrable.  The  action 
of  the  snbterranean  waters  upon  (lie  Edwards 
limestone  results  in  dissolving  it  Into  caverns 
and  crumbling  strata,  even  where  at  the  sur- 
face It  appears  perfectly  Rolid  and  dnrable.  For- 
tfaermore,  artesian  springs  of  great  vo'nme  and 
pressure  well  np  the  joint  planes  and  fissures  in 
this  formation.  The  site  of  the  dam  chosen 
crossed  the  river  anbparailel  to  one  of  the  moot 
conspicnons  fault  lines,  at  the  northern  (cast- 
em)  end  of  which,  after  the  excavation  and 
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constrnction  had  well  advanced,  a  spring  of  the  character  mentioned  developed, 
which  greatly  endanpcered  the  tie-on  at  the  end  and  cost  many  thousands  of  dollars 
to  circamvent.  *  *  *  Had  the  dam  been  located  less  than  2  miles  above  the 
present  site,  this  stmctural  condition  would  have  been  avoided. 

A  second  geological  consideration  in  the  construction  of  the  dam,  and  one  to 
which  sufficient  attention  was  not,  in  my  opinion,  paid,  was  in  the  choice  of  mate- 
rial. Within  60  miles  of  Austin  by  rail  are  some  of  the  most  superb  granite  quar- 
ries in  the  world.  This  material  was  used  to  face  the  dam,  but  its  center  was 
built  of  the  same  soluble  limestone  as  that  previously  mentioned,  which  was 
obtained  from  a  quarry  at  the  mouth  of  Bee  Creek  on  the  south  (west)  side  of  the 
river,  less  than  half  a  mile  from  the  dam.  An  examination  of  the  face  of  the 
quarry  shows  the  character  of  the  material  taken  from  it  for  use  in  the  dam,  and 
a  glance  is  sufficient  to  show  that  its  solubility  was  such  as  to  render  it  utterly 
untrustworthy. 

Mr.  J.  P.  Frizell,  after  an  examination  of  the  preceding  statements, 
adds  that  the  location  at  Mormon  Falls,  2  miles  above  the  chosen  site, 
presented  points  of  decided  superiority  over  the  locality  selected,  but 
the  board  of  public  works  thought  that  location  inconsistent  with  the 
purposes  of  the  improvement.  Mr.  Frizell  does  not  consider  that  the 
solubility  of  the  rock  had  any  bearing  on  the  failure,  and  sees  no 
reason  to  doubt  that  the  immediate  cause  was  the  undermining  on  the 
downstream  side,  caused  by  the  abrasive  action  of  the  current  and 
the  constant  stream  of  water  coming  from  the  power  house  and  flow- 
ing along  the  toe  of  the  dam  on  its  way  to  the  open  channel  of  the 
river.  A  progressive  weakening  is  attested  by  the  fact  that  during 
the  preceding  year  the  dam  had  withstood  a  flood  substantially  oh 
great  as  the  one  in  which  it  failed.  The  toe  of  the  dam,  which  was 
left  without  support  by  the  undermining,  contained  granite  blocks  of 
more  than  6  tons  weight. 

It  is  on  record  that  the  breaking  down  of  this  unsupported  toe  was 
imminent,  in  which  event  eiach  of  these  stones  would  become  a  mill- 
stone (propelled  in  such  a  flood  by  some  2,000  horsepower)  in  the 
work  of  grinding  the  friable  rock  bottom  and  extending  the  under- 
mining. At  the  wooden  dam  across  Connecticut  River  at  Holyoke, 
Massachusetts,  an  action  of  this  kind  became  threatening  in  1866.  A 
pit  20  feet  deep  had  formed  on  the  downstream  side  of  the  dam. 
This  danger  was  met  by  the  construction  of  a  massive  apron  of  crib 
work  filled  with  stone,  which  prolonged  the  duration  of  the  structure 
more  than  thirty  years,  or  until  the  construction  of  the  present  stone 
dam.  At  Austin  the  engineer  had  in  contemplation  from  the  begin- 
ning an  analogous  work,  viz,  an  extension  of  the  massive  apron  by  a 
l>ed  of  concrete,  to  be  applied  as  soon  as  the  abrasive  action  had  made 
sufi&cient  progress  to  indicate  the  character  and  extent  of  the  work 
required  for  its  suppression. 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washington^  December  5,  1900. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
The  Windmill:  Its  EflBcieney  and  Economic  Use,  Part  I,  by  Edward 
Charles  Murphy,  formerly  professor  of  civil  engineering  at  the  Uni- 
versity of  Kansas,  and  to  request  that  it  be  published  in  the  series 
of  Water-Supply  and  Irrigation  Papers. 

This  paper,  with  its  complement.  Paper  No.  42,  is  a  revision  of 
Paper  No.  8,  printed  in  1897,  embodying  additional  data  obtained  by 
recent  investigations.  The  demand  for  Paper  No.  8  was  so  great  and 
the  practical  applications  of  windmills  to  the  problem  of  bringing 
ipv^ater  to  the  surface  have  been  so  extended  that  it  has  seemed  desirable 
to  make  available  the  conclusions  given  in  the  following  pages. 
Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey, 
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PART   I. 


By  Edward  Charles  Murphy. 


INTRODUCTION. 

History  does  not  record  the  name  of  the  person  who  invented  the 
windmill,  nor  give  the  date  of  the  invention.  The  belief  that  wind- 
mills were  used  by  the  Romans  is  not  well  authenticated,  and  their 
use  b}^  the  Bohemians  in  718  is  doubted.  It  is  quite  clear,  however, 
that  they  were  used  in  France  and  Italy  in  the  twelfth  century  for 
grinding  com,  and  that  they  were  used  in  Holland  in  the  fifteenth 
century  for  pumping  water  over  the  dikes  into  the  sea. 

Mr.  John  Burnham,  of  Connecticut,  is  said  to  be  the  inventor  of 
the  American  windmill.  Mr.  L.  H.  Wheeler,  an  Indian  missionary, 
patented  the  Eclipse  mill  in  1867.  The  first  steel  mill  was  the  Aer- 
motor,  invented  by  Mr.  T.  O.  Perry  in  1883. 

The  common  European  windmill,  shown  in  section  in  figs.  1  and  2, 
differs  much  in  apj)earance  from  the  American  mill.  The  wind  wheel 
of  the  European  mill  has  usuall}'^  four  long  wooden  arms,  to  each  of 
which  is  attached  a  sail,  against  which  the  wind  presses.  The  sails 
consist  of  a  framework,  on  which  canvas  is  stretched,  usually  forming 
a  warped  surface,  the  angle  with  the  plane  of  the  arms  (called  the 
angle  of  weather)  being  about  7°  at  the  outer  end  and  18°  at  the  inner 
end.  The  length  of  sail  was  usually  about  five-sixths  the  length  of 
the  arm,  the  width  of  the  outer  end  one-third  the  length,  and  the 
width  of  the  inner  end  one-fifth  the  length.  The  sail  area  is  seen  to 
be  small  compared  with  the  wind  area  or  zone  containing  the  sails. 
The  arms  were  sometimes  60  feet  long.  The  American  wooden  mill  is 
much  smaller  and  more  compact  than  the  European  mill.  It  has  six 
or  eight  arms,  to  which  is  attached  a  framework  carrying  many  small 
sails.  These  sails  are  usually  3  or  4  feet  long,  3  or  4  inches  wide  at 
the  outer  end,  and  1  to  3  inches  wide  at  the  inner  end,  and  are  set  at 
an  angle  of  30°  to  40°  to  the  plane  of  the  wheel.  For  large  wheels 
these  sails  are  arranged  in  two  or  more  concentric  rings.     The  Ameri- 
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(^an  steel  mill  differs  principally  from  the  wooden  mill  in  that  it  has 
larger  and  fewer  sails  for  a  given  size  of  mill,  its  sails  are  eur\-ed 
instead  of  plane,  and  it  offers  less  resistance  to  the  passage  of  the  air 
over  the  back  of  the  sails.  In  the  sails  of  the  steel  mill  there  is  seen 
to  be  a  partial  return  to  those  of  the  European  mill. 


FiQ.  1. -Section  ot  commaii  EuropeAD  pnat  viDdm[l1  mnanted  on  centnl  colnmn. 

CLASSIFICATION  OF  WINDMILLS. 

Windmills  may  be  divided  into  two  general  classes — paddle  wheel 
and  sail  wheel.  The  Jumbo  shown  in  PI.  XVI,  B  (Part  II),  and  Little 
Giant  No.  66,  described  on  pages  135  to  137,  Part  If,  are  good  illus- 
trations of  the  lirst  class.  In  both  of  these  mills  the  sails  move  with 
the  wind,  and  it  is  necessary  to  have  a  shield,  or  amethod  of  feathering 
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the  sails,  in  oi-der  to  keep  the  wind  from  striking  them  when  they  are 
moving  inn  direction  opposite  to  that  of  the  wind.  In  the  Jumbo  the 
axis  of  the  wheel  is  horizontal,  in  the  Little  Giant  it  is  vertical;  but 
the  wind  acts  on  the  sails  of  both  in  substantially  the  same  way. 
The  air  acts  with  full  pressure  on  only  one  sail  of  the  Jumbo  at  any 
one  time,  and  on  half  the  sails  it  has  no  action,  or  only  negative 
action. 

In  the  sail-wheel  mill  (fig.  1,  Part  I,  and  PI.  XV,  Part  II)  the  wheel 
moves  at  right  angles  to  the  direction  of  the  wind,  instead  of  in  the 
same  direction,  as  in  the  paddle-wheel  mill.     The  wind  acts  with  a 


Ftg.  2.— Early  form  of  head  of  European  tower  wlndmllL 


certain  pressure  on  all  of  the  sails  all  of  the  time.  The  circumference 
velocity  of  the  sail  wheel  may  be  two  or  more  times  greater  than  the 
velocity  of  the  wind  that  drives  it,  but  the  circumference  velocity  of 
the  paddle  wheel  is  always  less  than  the  velocity  of  the  wind  that  drives 
it.  The  sails  of  the  sail-wheel  mill  must  be  placed  at  an  angle  with 
the  plane  of  the  wheel,  so  that  the  wind  will  press  on  them;  but  the 
sails  of  the  paddle-wheel  mill  may  be  11  the  plane  of  the  axis  of  the 
wheel. 
For  greatest  pressure  on  the  sails  of  a  sail-wheel  mill  the  axis  of  the 
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wlieel  must  be  parallel  to  the  direction  of  the  wind.  It  is  necessary, 
then,  for  the  wheel  to  change  its  direction  as  the  wind  changes.  In 
the  Grerman  or  post  mill  the  whole  building,  as  well  }is  the  wheel,  can 
be  turned  around  on  a  post  by  hand.  In  the  tower  or  Dutch  mill  the 
upper  part  only  of  the  m  ill  turns  with  the  wheel.  This  is  accomplished 
by  hand  in  the  mill  shown  in  fig.  1,  and  by  an  auxiliary  windmill  in 
the  mill  shown  in  fig.  2.  In  the  American  mills  the  upper  part  only 
turns  on  a  turntable,  which  is  usually  on  rollers  or  balls.  This  is 
accomplished,  first,  by  the  pressure  of  the  wind  on  a  long  rudder 
vane  extending  out  behind  the  mill,  and  in  some  mills  by  a  side  vane 
as  well;  or,  second,  by  the  pressure  of  the  wind  on  the  wheel  it-self, 
which  is  placed  on  the  opposite  side  of  the  tower,  as  in  tig.  46,  Part 
II;  or,  third,  by  side  wheels,  as  in  mill  No.  52,  fig.  50,  Part  II. 

REGUIiATIXG  DEVICES. 

The  wind  is  constantly  changing  in  velocity  as  well  as  in  direction, 
and  if  the  load  on  the  mill  is  constant  the  speed  of  the  mill  and  of 
the  machine  which  it  operates  will  change  with  it.  If  the  speed  is  to 
bo  kept  nearly  constant,  some  device  is  needed  to  reduce  the  wind 
pressure  on  the  wheel  when  the  wind  velocity  reaches  a  certain 
amount.  In  the  European  mill  there  are  two  methods  of  doing  this, 
viz,  by  means  of  a  brake  or  friction  rings  and  by  changing  the  sail 
area.  The  latter  is  accomplished  by  rolling  or  unrolling  the  canvas 
sails  by  hand  or  automatically.  In  the  America ii  mill  the  speed  is 
regulated  by  changing  the  sail  area  in  one  of  three  ways:  (a)  By  sec- 
tions of  the  wheel  revolving  about  an  axis  which  places  each  sail  at 
an  angle  to  the  direction  of  the  wind  less  than  90°,  as  in  fig.  36,  Part 
II ;  (?>)  by  placing  the  axis  of  the  wind  wheel  eccentric  to  the  axis  of  the 
tower,  so  that  the  wind  pressure  on  the  wheel  will  cause  it  to  revolve 
around  the  axis  of  the  tower;  and  (c)  by  the  wheel  moving  natu- 
rally around  the  axis  of  the  tower  in  the  direction  in  which  it  is 
revolving.  This  turning  action  around  the  axis  of  the  tower  is  counter- 
acted by  a  spring  or  a  weight,  or,  as  we  commonly  say,  *'the  wheel  is 
held  in  the  wind"  by  a  spring  or  a  weight.  A  weight  is  better  than 
a  spring,  for  by  moving  it  out  or  in  any  desired  pull  can  be  placed  on 
the  wheel.  A  spring  can  not  easily  be  adjusted  and  may  lose  some  of 
its  tension.  The  first  method  of  regulation,  called  the  centrifugal- 
governor  method,  is  used  in  the  Ilalliday  mill  {^g.  20)  and  in  the 
Althouse- Wheeler  mill  (fig.  36,  Part  II).  The  second  method  is  illus- 
trated in  the  Aermotor  (fig.  33,  Part  II),  which  shows  the  axis  of  the 
wheel  eccentric  to  the  axis  of  the  tower  bv  4.5  inches.  It  also  shows 
the  spring  which  holds  it  in  the  wind.  This  spring  also  resists  the 
action  of  the  load,  which  tends  to  turn  the  wind  wheel  out  of  the  wind. 
The  third  method  is  illustrated  bv  the  Woodmanse  mill. 
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SmeatorCs  experiments. — The  first  experiments  of  which  we  have 
any  record  were  made  by  John  Smeaton,  an  English  enjrineer,  and 
published  in  1755  to  1763.^  These  experiments  were  made  on  model 
windmills  of  the  European  type,  for  the  puriK)se  of  determining  the 
best  shape  of  sail  for  a  given  sail  area.  The  models  each  had  four 
arms  21  inches  long.  For  one  set  of  tests  the  sails  were  5.0  inches 
broad  and  18  inches  long,  giving  an  area  of  403  square  inches.  In 
another  set  of  tests  the  sails  were  18  inches  long,  5.6  inches  wide  at 
the  inner  end  and  8.4  inches  wide  at  the  outer  end,  with  an  area  of  504 
square  Inches.  The  sails  were  either  plane  or  warped  at  various  angles. 
These  mills  were  worked  by  moving  the  windmill  around  in  a  circle  of 
5J  feet  radius,  in  still  air,  instead  of  placing  them  on  a  tower  and  allow- 
ing the  natural  wind  to  drive  them.  The  wheel  was  movecj  around  in 
this  circle  by  means  of  a  cord  wound  on  a  drum  on  a  vertical  shaft, 
the  horizontal  arm  which  held  the  wheel  being  fastened  to  this  shaft. 
The  work  done  by  the  wheel  in  a  given  time  was  measured  by  observing 
the  length  of  string  wound  on  the  shaft  of  the  wheel,  a  weight  of 
known  size  being  attached  to  the  end  of  the  string.  The  velocity  of 
the  wind,  which  was  assumed  to  be  the  velocity  of  the  end  of  the  arm 
where  the  wheel  was  attached  to  it,  varied  from  4^  to  8J  f (H?t  a  second, 
or  from  2.9  to  6  miles  an  hour. 

It  will  be  noticed  that  these  wheels  are  only  3.5  feet  in  diameter, 
that  they  were  moved  in  a  circle  only  5.5  feet  in  diameter,  and  that 
wind  velocities  or  wheel  velocities  were  small  and  of  onlv  a  limited 
range — from  about  3  to  6  miles  an  hour..  Smeaton  draws  the  follow- 
ing conclusions  from  his  experiments: 

( 1 )  The  velocity  of  the  windmill  sails,  whether  unloaded,  or  loaded  bo  as  to  pro- 
duce a  mazimam,  is  nearly  as  the  velocity  of  the  wind:  their  shape  and  position 
being  the  same. 

(2)  The  load  at  the  maximum  is  nearly,  but  somewhat  less  than  as  the  8(inare 
of  the  velocity  of  the  wind:  the  shape  and  position  of  the  sails  being  the  same. 

(3)  The  effects  of  the  same  sails  at  a  maximum  are  nearly  but  somewhat  less 
than  as  the  cubes  of  the  velocity  of  the  wind. 

(4)  The  load  of  the  same  sails  at  the  maximum  is  nearly  as  their  sciiiares  and 
their  effects  as  the  cubes  of  their  number  of  turns  in  a  given  time. 

(5)  When  the  sails  are  loaded  so  as  to  produce  a  maximum  at  a  given  velocity 
of  the  wind,  and  the  veiocicy  of  the  wind  increases,  the  load  remaining  the  same: 
first,  the  increase  of  effect,  when  the  increase  of  the  velocity  of  the  wind  is  small, 
will  be  nearly  as  the  squares  of  those  velocities;  secondly,  when  the  velocity  of 
ibe  wind  is  doubled,  the  effects  will  be  nearly  as  10  to  27.5;  but,  thirdly,  when  the 
velocities  compared  are  more  than  double  of  that  where  the  given  load  produces 
a  maximum,  the  effects  increase  nearly  in  a  simple  ratio  of  the  velocity  of  the 
wind. 

'0)  if  sails  are  of  similar  figure  and  position,  the  number  of  turns  in  a  given 
time  will  be  reciproca  ly  as  the  radius  or  length  of  the  sail. 


1  PbUoe.  Tfaus.  lioyal  Soc  London,  17d5-17tK3. 
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(7)  The  load  at  a  maximtim  that  sails  of  a  similar  figare  and  position  will  over- 
oome  at  a  given  distance  from  the  centre  of  motion,  will  be  as  the  cnbe  of  the 
radins. 

(8)  The  effects  of  sails  of  similar  fignre  and  x>osition  are  as  the  square  of  the 
radins. 

(9)  The  velocity  of  the  extremity  of  Dntch  sails,  as  well  as  of  enlarged  sails,  in 
all  their  usual  positions,  when  unloaded,  or  loaded  to  a  maximnm,  is  considerably 
quicker  than  the  velocity  of  the  wind. 

Regarding  the  ratio  of  the  sail  area  to  the  wind  area  or  zone  contain- 
ing the  sails,  he  found  that  where  the  ratio  was  greater  than  7  to  8  the 
power  of  the  mill  was  decreased  instead  of  increased.  Regarding  the 
proper  shape  of  sail,  he  found  that  the  warped  sail  was  more  effective 
than  the  plane  sail.  He  also  found  the  following  six  angles  of  weather 
at  equal  distances  from  the  shaft  outward  advantageous:  70°,  71°,  72°, 
74°,  77.5°,  and  83°.  He  states  that  a  difference  of  two  or  three  degrees 
in  the  angles  of  impact  makes  little  difference  in  the  power  of  the 
mill. 

Cotdornb^s  experiments. — C.  A.  Coulomb,  a  French  engineer,  made 
some  tests  of  the  work  done  by  a  Dutch  windmill  used  for  extracting 
oil  from  rape  seed  at  Lille,  in  Flanders.  His  observations  were  pub- 
lished in  1821.^  The  mill  was  70.2  feet  in  diameter.  It  had  four 
warped  canvas  sails,  each  28.7  feet  long  and  6.6  feet  wide;  the  width 
of  canvas  was  5.5  feet.  The  angle  which  the  plane  of  sail  made  to 
the  plane  of  the  wheel  varied  from  30°  at  the  inner  end  to  12°  at  the 
outer  end.  The  wind  velocity  was  measured  by  the  use  of  feathers 
carried  along  by  the  wind.  Two  men  were  stationed  150  feet  apart, 
on  slight  elevations,  to  note  the  time  required  for  each  feather  to  pass 
over  this  distance.  The  velocity  of  the  wind  striking  the  wind  wheel 
was  assumed  to  be  that  found  from  these  feathers.  In  a  14.9-mile 
wind,  and  with  the  load  ordinarily  used,  he  found  that  the  wheel  made 
13  revolutions  per  minute  with  all  the  canvas  spread.  From  these 
data  he  figured  the  useful  work  done  by  the  mill  per  minute  to  be 
232,388  foot-pounds  and  the  useless  work  expended  in  shock  of  stamp- 
ers and  friction  to  be  37,310  foot-pounds,  or  a  total  of  269,698  foot- 
pounds, equal  to  8.17  horsepower. 

Coulomb  did  not  consider  this  a  complete  or  satisfactory  test  of 
this  mill.  He  did  not  control  the  working  of  the  mill,  but  simply 
observed  what  it  did  when  handled  by  the  miller  who  extracted  the 
oil.  He  tried  to  induce  the  owner  to  permit  him  to  use  the  mill  for  a 
time  for  experimental  purposes,  but  did  not  succeed. 

It  will  be  seen  from  what  follows  that  even  if  we  assume  the  wind 
velocity  to  be  correctly  measured,  this  test  does  not  necessarily  show 
the  power  of  the  mill,  for  we  do  not  know  that  the  load  used  was  the 
proper  load  for  the  wind  velocity.  It  shows  what  the  mill  was  doing, 
not  what  it  might  do  under  a  better  loading. 


1  Theorie  de  Machines  Simple,  by  C.  A.  Coulomb.    Paris,  ISSL 
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Oriffith^s  experiments.^^ln  1891-92  Mr.  J.  A.  Griffiths  made  tests 
of  six  windmills  used  for  raising  water,  with  the  following  results: 

Results  of  windmill  tests  by  J.  A,  QHffiths. 


Xo. 


Type  of  windmill 
t«8t«d. 


1  '  TooWoombAr 


2 

4 
5 
6 


Stover , 

Perkins 

A I  thouse  •  Wheeler 

do 

Oarlyle 


A   (4 

5  V 


Feet. 
22,  S 

11.5 

16.0 

U.2 

10.2 

9.8 


s  • 


Feet. 
8.3 

4.5 

6.0 
4.6 
3.8 
4.2 


lU 


39.20 


1-0" 

1^* 


18    47 


104.0      43 


201.0 

157.0 

81.0 

80.0 


36 
30 
28 
50 


*- 

«^ 

'O 

a  *^ 

0 

0 

i.- 

ot 

^^ 

m  P, 

^2 

0 

§3 

1^ 

/n. 

OQ 

<J 

J 

/n.     Feet. 

Ft.-lb9. 

5 

^•''Kiw 

120 
480 

3 

J  29.2 
*\  61.2 

29.2 

61.2 

8 

10.75     39.0 

105.0 

3 

clO    66.3 

166.0 

3 

4t  38.7 

51.0 

3 

4 

30.7 

30.7 

•1  u 
o  o 

Pi 

9  ^.d 


o  ® 
> 


Miles. 
4.3 
7.0 
5.8 
6.5 
6.0 
7.0 
8.5 
6.0 


Rev. 

5.0 

6.8 

13.  n 

13.3 

7.5 

12.6 

20.5 

12.5 


o 

o 


0.018 
0.098 
O.Oll 
0.025 
0.U24 
0.085 
().(K28 
0.012 


a  The^e  pamp  loads  have  been  compnted  for  comparison  of  these  results  with  others. 

b  At  maximum  efficiency. 

c  Pump  is  double  acting;  this  is  twice  the  length  of  stroke. 

No.  1  was  a  22.5-foot  wooden  mill,  with  20  warped  sails  each  87  by 
36  by  9  inches,  the  weather  angle  at  the  outer  end  being  18°  47'  and 
at  the  inner  end  40*^  20'.  It  worked  a  direct-acting  single-stroke  pump 
ha\-ing  a  5-inch  cylinder  and  6.75  inches  stroke.  Two  lifts  were  used, 
one  of  25  feet  and  the  other  of  100  feet. 

No.  2  was  a  12-foot  Stover  wooden  mill,  having  a  wind  wheel  some- 
what like  that  of  mill  No.  38.  It  had  11?  sails,  each  43  by  3.75  by  1.5 
inches,  set  at  an  angle  of  43°  to  the  plane  of  the  wheel.  It  worked  a 
direct-acting  single-stroke  pump  having  a  3-inch  cylinder  and  4  inches 
stroke.     The  lifts  were  29.2  and  61.2  feet. 

No.  3  was  a  16-foot  Perkins  solid  wood  wheel,  the  wind  wheel  hav- 
ing 160  sails,  each  60  by  4  by  1.5  inches,  set  at  an  angle  of  36°  to  the 
plane  of  the  wheel.  It  worked  a  direct  acting  double-stroke  pump 
having  a  3-inch  cylinder  and  5.375  inches  stroke.  The  lift  was  39 
feet. 

No.  4  was  a  14-foot  Althouse- Wheeler  wooden  sectional  mill,  the 
wind  wheel  having  104  sails,  each  48  by  4  by  1.5  inches,  set  at  an  angle 
of  30°  to  the  plane  of  the  wheel.  It  worked  a  direct-acting  double- 
stroke  pump  having  a  3-inch  cylinder  and  5  inches  stroke.  The  lift 
wa«  66.3  feet. 

No.  5  was  a  10-foot  Althouse- Wheeler  wooden  sectional  mill.  The 
wind  wheel  had  84  sails,  each  38  by  3.75  by  1 .5  inches,  set  at  an  angle 
of  28°  to  the  plane  of  the  wheel.  It  worked  a  direct-acting  single- 
stroke  pump  having  a  3-inch  cylinder  and  4.625  inches  stroke.  The 
lift  was  38. 7  feet. 

No.  6  was  a  10-foot  Carlyle  iron  mill.  It  had  7  somewhat  spoon- 
shaped  sails,  each  having  a  spout-like  extension  through  which  the 

» Windmills  for  raising  water,  by  J.  A.  Qrifflths:  Proc.  Inst.  Civ.  Eng.,  Vol  CXIX,  p.  821. 
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air  flowed.     It  worked  a  direct-acting  single-stroke  pump  having  a 
3-inch  cylinder  and  4  inches  stroke.     The  lift  was  30.7  feet. 

The  wind  velocity  was  measured  with  the  "f "  wind  gage,  which 
was  either  on  a  tower  near  by  or  on  an  arm  projecting  as  far  as  pos- 
sible to  windward.  It  appears  that  it  was  necessary  to  be  near  the 
gag<*  in  order  to  read  the  velocity,  which  would  indicate  a  possible" 
error  in  wind  velocit}'^  and  some  interference  with  the  wind  striking 
the  wind  wheel.  The  range  of  wind  velocities  is  not  stated,  and  not 
more  than  two  loads  were  used  in  any  case. 

These  results  will  be  compared  with  others  further  on. 

King^s  experiments^ — Prof.  F.  H.  King  conducted  a  series  of  experi- 
ments with  a  16-foot  geared  Aermotor,  covering  a  period  of  one  year — 
from  March  6,  1897,  to  March  6,  1898.  This  mill  was  used  to  work 
one  or  more  of  four  pumps:  (1)  A  reciprocating  piston  pump  with  a 
14-inch  cylinder  and  9  inches  stroke;  (2)  a  bucket  pump  having  a 
normal  capacity  of  120  gallons  per  minute;  (3)  a  No.  2  Gould  centrif- 
ugal pump;  and  (4)  the  smallest  size  Menge  pattern  centrifugal  pump. 
The  bucket  pump  was  used  nearly  all  of  the  time.  The  reciprocating 
piston  pump  was  used  occasionally  by  itself  and  part  of  the  time  with 
the  bucket  pump,  when  the  wind  velocity  was  strong  enough  to  carry 
both.  The  Menge  was  used  occasionally  with  the  piston  pump  and  the 
bucket  pump,  when  the  wind  velocity  was  strong  enough  to  carry  all. 

There  was  no  automatic  device  for  throwing  into  or  out  of  use  any 
of  these  pumps.  It  was  necessary  to  do  this  by  hand,  so  that  a  part 
of  the  time  the  load  on  the  mill  was  not  suited  to  the  wind  velocity. 
This  can  be  seen  from  the  record.  For  example,  on  February  10,  from 
1  to  7  p.  m.,  the  wind  velocity  varied  from  9  to  12  miles  an  hour  and 
8.6  tankfuls  of  water  were  pumped,  while  on  June  1,  from  8  a.  m.  to 
4  p.  m.,  the  wind  velocity  varied  from  11  to  15  miles  an  hour,  and  not 
a  tankful  was  pumped.  The  report  gives  the  number  of  tankfuls  of 
141.2  cubic  feet  which  were  lifted  12.85  feet  each  hour  during  the  year, 
and  some  interesting  conclusions  drawn  from  these  records. 

Professor  King  has  also  made  some  tests  of  this  mill  with  a  Prony 
friction  brake.  The  results  of  these  tests,  and  the  indicated  horse- 
powers computed  from  them,  are  as  follows: 


*  Bull.  No.  6B,  Wi90Qn9iii  Agricultural  Ezperlxneui;  3t|ttiQli. 
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Results  of  tests  of  IB-foot  geared  Aermotor, 


Wind 

Telocity 

per 

honr. 

» 

1 

Direction 
of  wind. 

Indicated 
horse- 
power. 

Avenwe 

wind 
velocity. 

Average 
horse- 
power. 

Barometer. 

Tempera- 
ture. 

MiU$. 
8.4 
12.0 
12.4 
12.6 
13.2 
14.6 
14.6 
14.8 
18.6 
18.8 
21.2 
21.6 
21.6 
21.8 
22.0 
22.0 
22.2 
23.0 
23.0 
24.0 
24.6 
25.2 
27.3 
27.0 
39.0 
40.0 

SW. 

0.2716 

0. 5791 

0.7230 

0.4553 

0. 6213 

0.7343 

0. 9449 

0. 9016 

2.054 

1.692 

2.593 

3.715 

3.227 

2.597 

4.326 

4.236 

2.394 

3.842 

4. 151 

5.983 

3.554 

4.882 

4.092 

4.  850 

5.953 

5. 971 

Miles. 
8.4 

12.33 

13.2 

I    14.68 

1    18.70 
21.55 

,    22.06 

.    23.00 

1    24.30 

^    25.2 

I    27.16 

'    39.0 
40.0 

0.2715 
0.5858 
0. 6213 
0.8602 

1.873 
3.033 

3. 652      ' 

3.996 

4.768 
4.882 
4. 471 

5. 953      ! 

5.971 

Inches. 

29.40 

f     29.86 

29.36 

29.36 

29.40 

29.  36 

29.40 

29.40 

/    28.86 

1     29.40 

'    29.40 

29.06 

28.86 

Degrees. 
0.0 
0.5 
0.5 
0.25 
0.5 

-0.5 
0.5 
1.0 
9.0 
1.0 
1.5 

-2.0 
7.0 

'swV" 

sw. 

sw. 

NW. 
SW. 

sw. 
w. 

N. 

NW. 
W. 

w. 

NW. 

w. 
w. 

29.09 
29.04 

1.0 
-2.0 

/    29.07 

\    29.05 

/    28.75 

\    29.09 

29.09 

/    28.66 

\    29.10 

28.69 

28.69 

-1.0 
-1.0 
6.8 
1.5 
1.5 
6.3 
1.5 
6.5 
6.3 

w. 
w. 

N. 

w. 

N. 

This  mill  is  similar  to  our  16-foot  Aermotor  No.  44,  described  in  Part 
II.  It  will  be  seen  later  that  the  power  found  bj^  Professor  King  is  much 
greater  than  we  have  found  it  for  high  wind  velocities.  The  probable 
reason  for  this  difference  will  be  discussed  later.  It  may  be  stated  here, 
however,  that  Professor  King  measured  the  wind  velocity  with  an 
anemometer  in  a  fixed  position  40  feet  due  east  of  the  windmill,  and 
it  will  be  seen  that  the  wind  was  from  the  west,  northwest,  or  south- 
west nearly  all  of  the  time  when  the  brake  tests  were  being  made. 
(The  wind  came  from  the  north  around  by  the  east  to  the  wSouth  only 
three  times  while  the  brake  tests  were  in  progress.)  The  revolving 
wheel  must  have  interfered  with  the  running  of  the  anemometer  and 
caused  it  to  show  a  less  wind  velocity  than  really  existed. 

Professor  King  also  determined  the  work  done  by  the  mill  in  grind- 
ing com.  The  power  of  the  mill  in  a  given  wind  velocity  can  not, 
however,  be  judged  from  these  tests,  since  the  grinder  load  was 
probably  not  suited  to  all  wind  velocities. 
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Remits  of  brake  testa  of  IB-foot  geared  Aermotor, 


Wind  velocity  per  hour. 

Indicated 
horse- 
power. 

Wind  velocity  per  honr. 

Indicated 
horse- 
power. 

1 

1 

8  miles 

0.25 
0.40 
0.56 
0.78 
1.08 
1.62 
2.39 
3.31 
4.31 

26  miles..     

28miles 

30  miles 

32  miles 

34  miles 

36  miles 

38  miles ^.. 

40  miles 

4.82 
5.14 
5.40 
5.61 
5.76 
5.87 
5.95 
5.97 

10  miles 

12  miles 

14  miles 

16  miles  

18  miles 

20  miles 

22  miles 

24  miles 

Perry^s  eocperiments, — From  June,  1882,  to  September,  1883,  Mr. 
T.  O.  Perry  made  experiments  with  61  windmills,  each  5  feet  in 
diameter.  The  results  were  published  in  1889.*  Mr.  Perry's  methods 
were  similar  to  those  employed  by  Smeaton — he  used  small  wheels 
moved  against  still  air  in  a  circle  of  14  feet  radius.  His  experiments 
were  made  on  a  much  larger  scale  than  Smeaton's,  however,  and  his 
apparatus  was  more  perfect.  Smeaton  used  wheels  of  European  type; 
Mr.  Perry  used  those  of  American  type.  PL  II  is  an  elevation  of  Mr. 
Perry's  apparatus,  showing  the  wheel  as  it  revolved  about  the  vertical 
shaft,  driven  by  an  80-horsepower  engine.  The  power  was  measured 
by  means  of  a  Prony  friction  brake  placed  on  a  brass  cylinder  on  the 
wind- wheel  shaft.  In  order  to  eliminate  the  effect  due  to  differences 
in  the  condition  of  the  air,  and  get  results  comparable  with  one 
another,  Mr.  Perry  used  one  of  his  wheels  as  a  standard  with  which 
to  compare  the  others.  After  the  best  load  for  a  wheel  had  been 
obtained,  comparative  tests  were  made  with  this  one  and  with  the 
standard  wheel,  by  trying  first  one  wheel  and  then  the  other  until 
several  measurements  of  each  had  been  taken.  The  fiual  result  of 
each  wheel  was  the  average  of  eight  or  ten  measurements. 

In  comparing  Smeaton's  results  with  his  own,  Mr.  Perry  writes: 

We  were  not  able  to  obtain  the  best  results  with  weather  angles  as  small  as 
Smeaton's  in  any  of  oar  wheels.  Nor  did  onr  sail  speeds,  as  compared  with  wind 
velocity,  nearly  approach  the  speeds  obtained  by  Smeaton.  Even  our  unloaded 
wheels  did  not  show  the  sail  speed  attained  by  the  best  of  Smeaton's  when  loaded 
for  maximnm  work.  *  •  *  Onr  loads  at  the  maximum  of  work  were  sma  ler 
as  compared  with  the  greatest  loads,  and  the  speed  of  revolutions  at  maximum 
work  as  compared  with  the  speeds  of  unloaded  wheels,  were  smaller  for  our  mills 
than  for  Smeaton's. 

He  states,  however,  that  the  general  conclusions  drawn  by  Smeaton 
(see  pages  15  to  16)  were  substantially  confirmed  by  his  experimenis. 
The  difference  between  his  results  and  Smeaton's  he  attributes  to  the 
differences  in  the  mills  used. 


*  Water-Sapply  and  Irrigation  Paper  U.  S.  Geol.  Survey  No.  20. 
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Some  of  Mr.  Perry's  conclusions  are  as  follows: 

(1)  There  is  nothing  gained  by  having  the  sail  area  more  than  seven- 
eighths  of  the  wind  area,  and  there  is  little  gained  by  having  it  more 
than  three-fonrths  of  the  latter  area. 

(2)  That  the  power  varies  as  the  cube  of  the  wind  velocity. 

(3)  That  the  load  for  maximum  jwwer  varies  as  the  square  of  the 
wind  velocity. 

(4)  That  the  speed  of  the  unloaded  wheel  increases  somewhat  faster 
than  the  wind  velocity. 

(5)  That  the  best  speed  for  most  of  his  wheels  was  about  0.55  per 
cent  of  the  unloaded  speed. 

(6)  That  the  conical  deflector  at  the  center  of  the  wheel  does  not 
increase  the  power. 

(7)  That  obstructions  on  the  back  of  sails  greatly  reduce  the  power 
of  the  mill. 

(8)  That  the  speed  of  wheel  No.  48  was  increased  48  per  cent  by 
removing  the  strip  from  the  back  of  each  sail. 

(9)  That  a  deflector  in  front  of  the  wheel  increased  the  speed  of  a 
slow-moving  wheel. 

(10)  That  a  deflector  in  front  of  the  wheel  did  not  increase  the  speed 
of  a  rapidly  moving  wheel. 

(11)  That  a  mast  offers  more  obstruction  in  front  of  a  wheel  than 
behind  it. 

EXPERIMENTS  BY  WRITER. 

The  tests  of  wind  wills  described  in  the  following  pages  were  begun 
by  the  writer  in  the  summer  of  1895.  They  were  continued  during 
the  summer  of  1896,  with  much  better  facilities  than  during  the  pre- 
vious season.  The  results  obtained  to  that  time  were  published  in 
Water-Supply  and  Irrigation  Paper  No.  8,  entitled  Windmills  for 
Irrigation.  Since  then  the  work  has  been  continued  as  time  could 
be  spared — mainly  during  a  jwrtion  of  three  summer  vacations. 
The  work  of  the  summer  of  1896  was  confined  mainly  to  pump- 
ing mills.  The  tests  show  what  each  windmill  and  its  pump  were 
actually  doing  under  certain  conditions  of  load,  lift,  etc.  They  do 
not  show  what  the  mill  might  do  under  other  conditions.  It  was  evi- 
dent that  the  useful  work  of  a  mill  varied  with  its  load  and  the 
efficiency  of  the  pump.  The  latter  could  not  well  be  ascertained.  It 
was,  therefore,  thought  best  to  confine  the  tests  principally  to 
power  mills,  in  which  the  unknown  factor  of  pump  efficiency  is  not 
present,  and  where  the  load  on  the  mill  can  easily  be  varied.  This 
has  enlarged  the  scope  of  the  work,  making  it  cover  windmills  for 
power  as  well  as  those  for  irrigation. 

Many  of  our  tests  of  pumping  mills  were  made  in  the  vicinity  of 
Garden,  Kansas.  Perhaps  nowhere  in  the  United  States  is  irrigation 
from  wells  by  the  use  of  windmills  carried  to  the  same  extent  as  there, 
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where  may  be  found  hundreds  of  windmill  pumping  plants  furnishing 
water  to  irrigate  from  1  to  15  acres  each  and  lifting  from  3  to  14.5 
quarts  per  stroke  to  a  height  of  from  10  to  46  feet,  as  well  as  large 
steel  mills  running  day  and  night,  when  the  wind  is  strong  enough, 
and  working  pumps  of  the  best  kind. 

SCOPE  OF  TESTS. 

There  are  many  makers  of  American  windmills,  and  with  the  great 
variety  of  mills  in  use — no  two  are  alike,  though  in  some  cases  the 
difference  is  slight — it  was  impossible  to  test  a  mill  of  each  type.  It 
was  our  purpose  to  test  only  the  mill«  that  were  in  good  working  order 
and  subject  to  good  wind  exi)osure,  and  which  would  add  new  data  to 
that  already  obtained  or  confirm  in  some  particular  that  previously 
secured.  In  some  cases  two  or  more  mills  of  the  same  size  and  make 
were  tested  to  show  as  far  as  possible  the  effect  of  pump,  well,  etc. 
on  the  useful  work.  The  parts  of  mill  and  pump  on  which  the  power 
depends  were  carefully  measured.  The  temperature  and  barometric 
pressure  were  observed  in  each  case  and  the  mean  given.  The  dis- 
charge of  pump  per  stroke  was  measured  when  possible,  and  the 
diameter  of  cylinder  and  length  of  stroke  are  given,  so  that  the  dis- 
charge can  be  compared  with  the  figured  displacement.  The  lift  was 
measured  whenever  the  surface  of  the  water  in  the  well  could  be 
reached  with  a  tapeline.  The  number  of  strokes  of  the  pump  per 
mile  of  wind  was  found  for  velocities  from  6  or  8  miles  to  20  or  30 
miles  an  hour.  In  some  cases  the  number  of  strokes  is  given  when 
no  water  was  being  pumped.  In  fact,  there  was  collected  for  each 
mill  as  much  data  as  it  was  conveniently  possible  to  obtain  which 
would  in  any  waj^  affect  the  power  of  the  mill  or  be  of  interest. 

PUMPING  MILLS. 

The  essential  difference  between  pumping  and  power  mills  is  that 
in  the  former  there  is  a  pump  rod  with  an  up  and  down  motion,  while 
in  the  latter  there  is  a  vertical  rotating  shaft.  The  former  is  usually 
geared  back  2  or  3  to  1,  while  the  latter  is  generally  geared  forward 
6  or  8  to  1.  The  ordinary  pumping  mill,  such  as  is  used  for  stock 
purposes,  is  lighter  than  the  power  mill,  but  the  irrigating  mill  is  of 
nearly  the  same  weight  as  the  power  mill.  The  larger  power  mills 
have  a  pumping  attachment,  so  as  to  work  a  pump  as  well  as  a 
grinder  or  other  machine. 

WELLS  NEAR  GARDEN,   KANSAS. 

A  brief  description  of  the  water  supply  and  wells  of  this  locality 
may  be  helpful  in  considering  what  follows. 

The  water  is  found  in  sand  and  gravel  at  distances  below  the  sur- 
face varying  from  8  to  40  feet.  This  material  is  in  layers  of  variable 
thickness  and  different  degrees  of  coarseness,  ranging  from  fine  sand 
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to  large  gravel.  It  is  overlain  by  a  layer  of  sandy  clay,  which  in 
some  places  will  for  years  stand  vertical  without  any  support;  in 
other  places  there  is  very  little  clay  in  this  layer.  The  wells  are 
UHually  3  to  4  feet  square,  and  are  cased  with  wood  through  the  top 
sandy  clay  to  the  water-bearing  sand;  then  a  wood  or  galvanized-iron 
casing  from  12  inches  to  3  feet  in  diameter  extends  down  from  8  to  20 
feet  into  the  sand  to  a  layer  of  gravel.  Where  this  latter  casing  is 
large,  three  or  more  galvanized-iron  pipes  6  to  12  inches  in  diameter 
are  put  down  in  the  bottom  of  it,  and  these  sometimes  have  wire 
gauze  over  their  tops  to  keep  down  the  sand ;  they  also  have  perfora- 
tions about  one-fourth  of  an  inch  in  diameter  for  a  distance  of  2  feet 
or  more  from  the  bottom  to  admit  the  water.  In  many  cases,  instead 
of  this  small  open  well,  the  supply  pipe  is  on  a  well  point  having  the 
same  diameter  as  the  supply  pipe,  its  length  varying  with  the  diame- 
ter. These  well  points  have  not  given  satisfaction  and  are  being 
replaced  by  open  wells. 

On  examining  well  points  that  have  been  used  for  a  time  it  was 
found  that  many  of  the  little  openings  through  which  water  is  admitted 
to  the  pump  had  become  filled  with  line  grains  of  sand,  thus  reducing 
the  area.  Although  this  water  area  was  of  the  proper  amount  when 
the  well  was  new,  it  becomes  too  small  after  the  well  has  been  used 
for  a  time  or  after  it  has  stood  without  being  used.  If  this  area  is  too 
small  to  allow  the  free  passage  of  water  into  the  pump,  an  added 
IojmI  is  put  on  the  latter. 

PUMPS. 

Nearly  all  of  the  pumps  in  use  in  the  vicinity  of  Garden  are  of  the 
reciprocating-piston  type.  Fig.  8  sho^vs  the  Stone  pump,  manufac- 
tured by  R.  6.  Stone,  of  Garden.  This  pump  is  made  in  three  sizes — 
6  inch,  8  inch,  and  10  inch,  these  dimensions  being  the  approximate 
diameter  of  the  discharge  pipe.  The  diameter  of  the  cylinder  is  less 
than  the  diameter  of  the  pipe  by  twice  the  thickness  of  the  brass  lin- 
ing. The  valves  (shown  in  fig.  9)  are  of  the  latest  ]>attern.  The 
plunger  valve  is  of  the  single-flap  or  clack  variety  and  tlie  check 
valve  is  of  the  disc  variety,  made  so  that  the  water  can  pass  up  the 
center  as  well  as  around  the  sides.  In  an  earlier  form  of  this  pump 
the  plunger  valve  is  of  the  double-flap  or  butterfly  type  and  the  check 
valve  of  the  lift  type,  but  with  no  opening  at  the  center.  Probably 
nine-tenths  of  the  pumps  in  use  near  Garden  are  of  the  Stone  variety. 

Fig.  3  shows  the  Gause  pump,  one  of  the  first  pumps  used  there  for 
irrigating  purposes.  It  is  more  expensive  than  the  Stone  pump,  and  is 
not  now  so  much  used.  Fig.  16  shows  the  cylinder  of  an  8-inch  Frizell 
pump,  a  few  of  which  are  in  use.  Fig.  5  is  a  sectional  view  of  the 
Woodmanse  pump,  which  is  used  with  mill  No.  2.  PI.  X,  B^  shows 
a  crude  homemade  pump  called  the  "water  elevator."  One  of  these 
is  in  use  in  Garden. 

The  eflSciency  of  reciprocating  pumps  like  those  described  varies 
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directly  with  the  lift,  inversely  witli  the  number  of  strokes  per  minut^j, 
and  with  the  design  of  the  pump.     For  lifts  of  10  or  more  feet  and  not 
more  than  80  strokes  per  minute  the  efBiciency  in  a  good  pump  should 
be  at  least  70  per  cent. 
Prof.  O.  P.  Hood  *  has  measured  the  eflBciency  of  two  Frizell  pumps — 

one  6  inch,  with  14.1  inches  stroke,  like  that 
shown  in  iig.  16,  and  one  4  inch,  with  24  inches 
stroke,  having  a  butterfly  discharge  valve.  He 
found  that  for  a  7. 7- foot  lift  the  efficiency  of 
the  6-inch  pump  dropped  from  75  per  cent  to  63 
per  cent  as  the  number  of  strokes  increased 
from  10  to  60  per  minute ;  that  for  a  22.7-foot  lift 
it  decreased  from  86  per  cent  to  82  per  cent  for 
the  same  range  of  speed;  and  that  for  a  37.8-foot 
lift  it  decreased  from  84  per  cent  to  82  per  cent, 
while  the  number  of  strokes  increased  from  10 
to  50  per  minute.  The  efficiency  of  the  4-inch 
pump  dropped  from  66  per  cent  to  60  per  cent 
for  a  12.8-foot  lift,  and  from  83  per  cent  t-o  73 
per  cent  for  a  37.6-foot  lift,  as  the  number  of 
strokes  increased  from  10  to  50  per  minute. 

The  valve  area  should  be  not  less  than  30  per 
cent  of  the  cylinder  area.  The  cylinder  should 
be  placed  as  near  the  water  as  i)ossible;  if  it  is 
more  than  25  feet  above  the  water,  and  the 
number  of  strokes  is  30  or  more,  the  cylinder 
will  not  fill  properly,  and  pounding  will  result. 

INSTRUMENTS  AND  METHODS. 

The  wind  velocity  was  measured  with  a  United 
States  Weather  Bureau  cup  anemometer,  each 
mile  of  wind  being  recorded  electrically  by  one 
pen  of  a  2-pen  register.  By  means  of  a  little 
device  fastened  to  the  pump  an  electric  circuit 
is  closed  at  each  stroke  of  the  pump  and  a  record 
Pig.  3— Gause  pnmp.    iv,    made  by  a  recorder.     Another  electric  circuit, 

chlirl^'ii^f^rpiu^^n    leading  from  the  recorder  to  the  other  i)en  of 
r,  cylinder;  z,  eniarfced    the  register,  is  closcd  at  each  hundred  strokes 

;:i::;T.tfio"pi^'."*  «f  *»»«  p^-^p  »»<!  *  ^^^^^  ^'^^ «» t^e  register. 

Hence  the  graphic  record  of  the  register  shows 
the  number  of  miles  of  wind  in  any  given  time,  also  the  number  of 
hundred  strokes  of  the  pump  in  the  same  time.  The  anemometer 
was  held  on  a  pole  at  the  height  of  the  axis  of  the  wheel  of  the  wind- 
mill. The  pole  was  made  so  that  its  length  could  be  increased  at 
will  from  25  to  50  feet.  The  anemometer  on  the  pole  is  shown  in  Pis. 
Ill  and  XI. 
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The  discharge  of  the  pump  per  stroke  was  ascertained  b}^  catching 
the  water  for  several  strokes  in  a  tub  and  measuring  it  w^ith  a  quart 
measure.  In  a  few  cases  it  was  found  to  vary  with  the  number  of 
strokes  per  minute.  Where  it  vaned  the  discharge  given  is  for  a 
nearly  maximum  speed  of  pump. 

The  lift,  or  distance  from  the  surface  of  the  water  in  the  well 
t^  the  center  of  the  water  column  as  it  leaves  the  discharge  pipe, 
was  measured  when  the  pump  was  working  quite  rapidly.  For 
pumps  on  well  points  it  was  estimated  from  the  depth  to  water  when 
the  point  was  put  down,  making  an  allowance  for  the  lowering  of 
the  water. 

Each  mill  tested  is  described  and  the  results  of  the  tests  given  in 
tabular  form.     Nearly  all  of  the  mills  are  illustrated. 

The  number  of  strokes  of  the  pumps  per  mile  of  wind  and  the  hor8<5- 
powers  of  the  mills  are  in  most  cases  explained  by  diagrams,  which 
show  at  a  glance  the  facts  which  otherwise  can  be  comprehended  only 
by  a  careful  analysis  of  the  tables.  In  these  diagrams  (figs.  6, 10, 11, 
12,  13,  15,  17,  18,  19,  and  21)  the  relation  between  the  wind  move- 
ment, in  miles  per  hour,  and  the  number  of  strokes  made  by  the 
pnmp  while  the  wind  was  moving  over  1  mile  is  shown  by  the  curved 
line.  The  space  from  left  to  right  is  proportional  to  the  number 
of  strokes  of  the  pump.  The  data  expressed  b}^  these  diagrams 
were  obtained  directly  from  the  record  given  by  the  anemometer 
register. 

In  explanation  we  will  assume  that  the  pen  connected  with  the 
anemometer  makes  three  short  marks  (3  miles)  in  fifteen  minutes, 
indicating  a  mile  in  five  minutes,  or  at  the  rate  of  12  miles  an  hour. 
At  the  same  time  the  other  pen  connected  with  the  pump,  an<l  regis- 
tering each  100  strokes,  makes,  say,  two  short  marks,  showing  that 
the  pump  has  made  200  strokes  for  this  3  miles  of  wind  movement, 
or  67  strokes  to  the  mile.  This  fact  is  entered  on  the  diagram  by 
a  small  circle  placed  at  a  distance  from  the  right  which  corre- 
sponds to  a  wind  velocity  of  12  miles  an  hour,  and  at  a  distance  from 
the  bottom  which  corresponds  to  67  strokes  of  the  pump.  In  this  way 
each  observation  is  indicated.  When  the  points  have  been  plotted, 
the  smooth  curve  is  sketched  so  as  to  occupy  an  intermediate  position 
among  them. 

In  order  to  obtain  the  number  of  strokes  more  accurately  than  by 
measurement  on  the  register  sheet,  they  were  actually  counted  for 
a  considerable  number  of  observations  in  each  test.  The  number  of 
strokes  per  minute  is  obtained  by  dividing  the  number  of  strokes  per 
mile  of  wind  by  the  number  of  minutes  required  to  make  the  mile. 
For  example:  If  the  number  of  strokes  per  mile  in  a  12-mile  wind 
(which  i-equires  60  -r-  12,  or  five  minutes  to  make  a  mile)  is  90,  then 
90  -^  5=18,  the  number  of  strokes  per  minute.  The  number  of  gal- 
lons raised  i)er  minute  is  found  by  multiplying  the  number  of  gallons 
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per  stroke  hy  the  mimber  of  strokes  per  minute.     The  horsepower  of 
the  mill  in  any  wind  velocity  is  found  by  multiplying  the  number  of 
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gallons  per  stroke  by  the  iiumlKT  of  strokes  per  minute,  then  by  8.3 
pouiid.s  (the  weight  of  one  giillon  of  water),  then  by  the  lift,  in  feet, 
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and  dividing  the  prodnet  by  33,000  {the  number  of  foot-pounds  in  a 
horsepower),  or  hy  the  following  formula: 

Horeepower  =  nqj/Tn- 33,000,  where  »  =  number  of  strokes  per 
minnte,  g  =  the  weight  of 
one  gallon  of  water,  q  =  the 
number  of  gallonR  per  stroke 
of  pump,  h  =  the  lift,  in  feet. 
The  pump  load  is  the  weight 
of  water  lifted  per  stroke 
multiplied  by  the  lift,  or 
height  to  whieh  it  is  raised. 
The  number  of  revolutions 
of  the  wind  wheel  perminute 
is  found  by  multiplying  the 
number  of  strokes  per  min- 
ute by  the  number  of  revolu- 
tions per  stroke. 

PUMPING   MILLS  TESTED. 

MiU  No.  ;.— The  tests  of 
this  mill  were  preliminary 
or  experimental,  being  made 
for  the  purpose  of  perfecting 
the  instruments  employed, 
and  were  not  completed  for 
discussion. 

Mm  No.  2. —This  is  a 
12-foot  Woodmanse  Mogul, 
manufactured  by  the  Wood- 
manse-Hewitt  Manufactur- 
ing Company,  of  Freeport, 
Uhnois.  PI.  Ill  shows  the 
milt,  tower,  pump,  and  pond, 
and  fig.  4  the  working  parts. 
The  tower  is  of  steel,  50  feet 
high  to  the  a^cis  of  the  wheel. 
The  wind  exposure  on  the 
north  is  not  good,  the  mill 
being  115  feet  south  of  a 
lai^e  bam.  The  wheel  has 
;(0  curved  sails,  each  36  by  13 
by. 5.0  inches,'  set  at  an  angle 

of  30=  (angle  of  weather)  with  p,„  ,v_9eeti™.l  vie.,  ot  W,«dma>,«,  pump, 

the  plane  of  the  wheel.    It  is 
baek-geared,  3  to  1,  and  held  i 


the  wind  by  a  spring.     The  pump 


e  length  ol  the  nail,  13 
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also  is  of  Woodmanse  make,  and  is  shown,  in  section,  in  fig.  5.  The 
cylinder  is  9.5  inches  in  diameter,  the  supply  pipe  5.625.  inches  in 
diameter,  the  length  of  stroke  12  inches.  The  well  is  3 J  feet  by 
3f  feet  to  the  water,  a  distance  of  14  feet.  At  that  i)oint  a  12-inch 
galvanized-iron  pipe  is  put  down  20  feet,  forming  a  small  open  well. 
The  lift  at  the  time  of  test  was  17f  feet  and  the  discharge  i)er  stroke 
14^  quarts.  The  mean  barometric  pressure  was  26.98  inches,  and  the 
mean  temperature  94°  F.  The  cost  of  mill,  tower,  pump,  and  well 
was  about  $210.     The  results  of  the  tests  are  as  follows: 


BestUts  of  tests  of  mill  No,  £ — 12'foot  Woodinarise  Mogul. 
[Load  per  stroke,  536.2  foot-pounds.] 


Wind  velocity  per  hour. 


12  miles 
16  miles 
20  miles 
25  miles 
80  miles 


Revolutions 

of  wind  wheel 

per  minute. 


15.6 
48.0 
60.9 
69.9 
75.9 


Strokes  of 

pump  per 

minute. 


5.2 
16.0 
20.3 
23.3 
25. 3 


Gallons 

pump>ed  Iter 

minute. 


18.8 
58.0 
78.6 
84.5 
91.7 


Useful 
horsepower. 


0.085 
0.260 
0. 8  >2 
0. 879 
0.411 


The  curve  shown  in  fig.  6  is  for  a  moderately  loaded  12-foot  mill 
(536.2  foot-pounds  per  stroke).     It  starts  at  a  wind  velocity  of  11 
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miles  an  bonr.     It  ascends  very  rapidly,  reaching  a  maximum  at  18 
milee  an  hour,  and  giving  60  strokes  to  the  mile.     The  rest  of  the 
<un-e  to  30  miles  has  a  gentle  Rlope.     The  number  of  strokes  per 
minute  increases  from  about  5  at  12  miles  to  about  26  at  30  miles  an 
hour,  and   will  continue 
to  increase  to  probably 
i'8  a  minute  in  a  40-mile 
wind. 

yiai  No.  5.— This  is  a 
IJ-foot  Aermotor  manu- 
factured by  the  Aermotor 
Company,  of  Chicago, 
Illinois.  PI.  IV  shows 
the  mill  with  its  tower, 
pump,  and  pond,  and  tig. 
7  shows  its  working 
parts.  This  mill  had  been 
in  use  about  one  year  at 
the  time  of  test,  and  all 
of  the  parts  were  in  good 
working  order.  The 
tower  is  of  wood,  the  axis 
of  the  wheel  being  30  feet 
ahove  the  ground.  The 
exposure  is  very  good. 
The  wheel  has  18  curved 
i^ils,  each  44  by  18J  by  7} 
inches,  set  at  an  angle  of 
31°  to  the  plane  of  the 
wheel.  It  is  back-geared, 
3}  to  1,  and  is  held  in  the 
wind  by  a  spring.  The 
pump  is  of  the  Stone  type, 
shown  in  figs.  8  and  9; 
the  check  valve  is  of  the 
siugle-flap  variety,  the 
plunger     valve     of     the 

double-flap  variety.      The  Fio.  T.-WorMnB  pwW  ot  Aermotor 

cylinder  is  9i  inches  in 

diameter,  the  supply  pipe  4  inches  in  diameter,  and  the  dischai-ge 
pipe  10  inches  in  outside  diameter;  the  length  of  stroke  is  1-'  inches 
and  the  discbarge  per  stroke  14^  quarts.  The  well  is  4  fei't  by  i 
feet  to  a  depth  of  8  feet — nearly  down  to  water.  From  that  point 
to  a  depth  of  18  feet  it  is  3  fet^t  in  diameter;  and  from  there 
three  pipes,  12  inches  in  diameter,  extend  down  5  feet  farther.  The 
lift  at  the  time  of  test  was  13)  feet,  the  barometric  pressure  27.^ 
inches,  and  the  temperature  85°  F.     The  water  is  pumped  into  a  poud 
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80  feet  by  75  feei.,  and  a  depth  of  22  inches  can  be  drawn  off.  The 
cost  of  the  plant,  iucliiding  mill,  tower,  pump,  and  pond,  was  $14d. 
The  greatest  number  of  stroltes  per  minute  is  probably  27  or  28  in  a 
40-mile  wind.  In  general  appearance  this  curve  is 
seen  to  resemble  that  of  mill  No.  2,  bnt  it  is  about 
4  miles  farther  to  the  left,  due  to  lighter  load. 
The  resalts  of  the  tests  are  as  follows: 

RatuiU  of  tests  of  mill  No.  S—2S-foot  Aermotor. 

(Load  per  stroke.  tlfi.S  toot-poandK.] 


Strofaeaof 
<r  mianta. 


Usefal 


Smllu  .. 
13  mllea  , 
16  miles  . 
2()  miles  . . 
25  mi]es  . . 
30  milee  . . 


ir.7 

40.0 
54.7 
6«.0 
77.0 


0.067  I 
0.1.11  1 
0.307     , 


The  curve  shown  in  fig.  10  is  for  a  rather 
lightly  loaded  mill  (415.3  foot-pounds  per  stroke). 
It  starts  at  a  velocity  of  6  to  7  miles  ao  liour, 
ascends  less  rapidly  than  the  one  shown  in  fig.  U. 
attains  a  maximum  at  about  15  miles  an  hour, 
when  the  number  of  strokes  per  mile  is  ti2,  and 
then  descends  slowly,  reaching  50  strokes  at  30 
miles.  The  number  of  strokes  per  minute  inci-eases 
from  about  5  at  li  miles  to  25  at  30  miles. 

Mill  jVo.  i — This  mill,  shown  in  the  foreground 
of  PI,  V,  is  an  S-foot  Ideal  windmill  manufactured 
by  the  Stover  Manufacturing  Company,  of  Free- 

ir,.,  o    D.-_  port,  Illinois.     It  had  been  in  use  about  one  year, 

Fio.  8. — Stoae  pump.       *        '  -r         f 

and  all  of  the  parts  were  in  good  condition.  The 
tower  is  of  wood,  tlie  axis  <jf  the  wheel  being  48  feet  above  the  ground. 
The  wheel  has  15  sails,  each  ISi  by  7  by  30  inches,  set  at  an  angle 
of  29°  with  the  plane  of  the  wheel.  It  is  back-geared,  2^  to  1,  and  is 
held  in  the  wind  l>y  a  spring.  The  pump  is  of  the  Stone  make.  The 
diameter  of  the  discharge  pipe  is  5g^  inches,  of  the  supply  pipe  3  inches. 
The  length  of  stroke  is  8  inches.  The  plunger  and  check  valves  are 
of  the  single-flap  variety.  The  well  is  2J  feet  by  2}  feet  down  nearly 
to  water— a  depth  of  5^  feet.  The  3-inch  supply  pipe  extends  down 
to  a  depth  of  14  feet,  and  on  the  end  of  it  is  a  3-inch  well  point  6  feet 
long.  The  lift  may  vary  from  8^  to  20  feet.  It  was  probably  about 
12  feet  at  the  time  of  tests.  The  discharge  per  stroke  was  2  quarts. 
The  mean  barometric  pressure  was  27.19  inches,  the  mean  tempera- 
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tiire  83°  F.  The  water  is  ptimped  into  a  pond  115  feet  by  31  feet  and 
3  feet  deep.  The  cost  of  the  plant,  including  mill,  pump,  well,  and 
pond,  was  $80.     The  results  of  the  teats  are  as  follows: 

Rtsulta  of  tetta  of  mill  No.  i—S-fool  Ideal. 

[Load  p«r  atroke.  Sn  loot-pomidB.] 


Wind  Telocity 

pe 

hour. 

■SSS' 

Strokenof 

pnmpedper 

Usetal  horsa- 

35.5 
48.3 
63.8 
70.3 
62.  .5 

10.2 
19.3 
25.8 
38.1 
35.0 

5.1 
9.9 
13.9 
14.1 
13.5 

1   20  miles... 
SOmilee  -. 

0.038 

0.043 
0.038 

A 


0.  S.-DeUUto  of  Stone  pDmp:  o,  Lower  valve 

ide  to  lower  valve; 

e.  lower 

b«ck  valve;  d.  book  tor  Temovioe  lower  valv 

e;  f,  plQDBer 

and  valve;  /  ta  a.  6, 

andeo 

The  curve  shown  in  fig.  11,  although  for  a  rather  lightly  loafled 
mill— 50  foot-pounds  per  stroke — shows  that  the  mill  starts  in  a  10- 
mile  to  an  11-mile  wind.  'I'he  maximum  is  reached  at  19  miles,  with 
a  S[)eed  of  78  stroltes.  The  right  side  of  the  curve  m  quite  steep,  a 
characteristic  of  this  make  of  mill.  Mill  No.  18  is  the  same  size  and 
make  as  this  mill,  and  yet  with  a  load  of  89.2  foot-pounds  it  Htarts  in 
a  7-miIe  to  an  8-roile  wind,  reaching  a  maximum  at  about  13  miles,  at 
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FiQ.  10.— Diagram  showing  resalts  with  mill  No.  8— 12- foot  Aermotor. 
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Fjo.  U.— Diagram  showing  resalts  with  mill  No.  4— 8-foot  Ideal. 
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a  si)eed  of  104  strokes  per  mile.  A  second  test,  when  the  spring  that 
holds  the  wind  wheel  in  the  wind  was  tightened  somewhat,  gave  the 
maximum  at  a  velocity  of  about  15  miles,  with  a  pump  speed  of  about 
114  strokes.  The  difference  appeared  to  be  due  to  the  difference  in 
pumps  and  wells.  The  rapid  fall  in  the  curve  to  the  right  of  the  high- 
est point  is  due  to  the  easy  governing  of  the  mill. 

Mill  No.  5, — This  mill,  shown  in  the  background  of  PL  V,  is  an 
8-foot  Aermotor  manufactured  by  the  Aermotor  Company,  of  Chicago, 
111  inois.  The  tower  is  of  wood ,  and  is  28 . 5  feet  high  to  the  axis  of  wheel . 
The  exi)osure  is  good,  and  all  of  the  parts  were  in  good  working  order 
at  the  time  of  tests,  the  plant  having  been  in  use  about  one  year.  The 
wheel  has  18  curved  sails,  each  30  by  12^  by  5^  inches,  making  an 
angle  of  29^°  with  the  plane  of  the  wheel.  It  is  back-geared,  3^  to  1. 
The  pump  is  of  the  Stone  make.  The  discharge  pipe  is  6  inches  in 
diameter,  the  supply  pipe  3  inches  in  diameter.  The  valves  (check 
and  plunger)  are  of  the  single-flap  variety.  The  length  of  stroke  is 
8  inches.  The  well  is  4  feet  by  4  feet  to  water,  a  depth  of  10.5  feet. 
A  12-inch  wooden  curb  extends  12  feet  farther  into  the  sand  and 
gravel.  The  discharge  per  stroke  was  3^  quarts,  and  the  lift  13  feet. 
The  cost  of  plant,  including  pond,  was  $80. 
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Fig.  12.— Diagram  showing  peaults  with  mill  No.  5— 8-foot  Aermotor. 


IRH  41—01 


34 


THE    WINDMILL. 


[no.  41. 


The  results  of  the  tests  of  mill  No.  5  are  as  follows: 

Results  of  tests  of  mill  No,  5 — 8-foot  Aemiotor. 
[Load  per  stroke,  94.9  foot-pounds.] 


Wind  velocity  i)er  hour. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

18.6 
25.1 
29.8 
34.6 
38.5 

Gallons 

pumped  i>er 

minute. 

Useful  horse- 
power. 

12miles- 

16  miles 

62.0 

83.7 

99.8 

115.3 

128.3 

16.3 
22.0 
26.1 
30.3 
33.7 

0.053 
0.072 
0.086 
0.099 
0.111 

20  miles 

25  miles 

80  miles    , 

This  8-foot  mill,  with  a  load  of  95  foot-pounds,  is  seen  to  start  in 
an  8-mile  to  a  9-mile  wind  (fig.  12),  reaching  a  maximum  at  13  to  15 
miles,  with  95  strokes  i)er  mile.  At  30  miles  an  hour  it  is  making  77 
strokes  per  mile,  or  39  strokes  per  minute.  This  curve  indicates  a 
rather  heavily  loaded  mill. 

Mill  No.  6. — This  mill,  shown  in  the  background  of  PL  IV,  is  an 
8-foot  Gem,  manufactured  by  the  United  States  Wind  Engine  and  Pump 
Company,  of  Kansas  City,  Missouri.  The  working  parts  of  the  mill 
are  shown  in  PL  VI.  The  exposure  was  good  and  all  of  the  parts  were 
in  good  working  order,  the  mill  having  been  in  use  only  about  one 
year  at  the  time  of  tests.  The  wheel  has  24  curved  sails,  each  30i  by 
10  by  4i  inches,  set  at  an  angle  of  35°  with  the  plane  of  the  wheel.  It 
is  back-geared,  3  to  1.  The  wheel  is  held  in  the  wind  by  means  of  a 
weight.  The  pump  is  of  the  Stone  make.  The  discharge  pipe  is  6 
inches  in  diameter,  the  supply  pipe  4  inches  in  diameter.  The  length 
of  stroke  is  8  inches.  The  well  is  open  to  the  water — a  depth  of  6^ 
feet.  The  supply  pipe  is  on  a  well  point,  the  end  of  which  is  16  feet 
below  the  surface  of  the  ground.  The  lift  was  9^^  feet  and  the  dis- 
charge per  stroke  3.9  quarts.  The  tower  is  of  wood,  and  is  24  feet 
high  to  the  axis  of  the  wheel.  The  mean  barometric  pressure  was  27.02 
inches,  the  mean  temperature  85°  F.  The  plunger  valve  is  of  the 
double-flap  variety,  and  the  check  valve  of  the  single-flap  variety. 
The  results  of  the  tests  are  as  follows : 


Results  of  tests  of  mill  No.  c-^s-foot  Gem. 
[Load  per  stroke,  77. «  foot-pounds.] 


Wind  velocity  per  hour. 


Revolutions 

of  wind  wheel 

per  minute. 


12  miles 
16  miles 
20  miles 
25  miles 
30  miles 


37.2 
53.7 
66.0 
76.2 
85.5 


Strokes  of 

pump  per 

minute. 


Gallons 

pumped  per 

minute. 


rsA- 1 


Useful  horse 
power. 


12.4 
17.9 
22.0 
25.4 
28.  5 


12.1 

0.029 

17.5 

0.042 

21.5 

0.051 

24.7 

0.059 

27.8 

0.065 
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Comparing  the  number  of  strokes  per  minute  of  mills  Nos.  4, 5,  and 
6,  it  is  seen  that  although  No.  5  is  carrying  a  much  heavier  load  than 
either  of  the  other  mills,  it  makes  more  strokes  and  does  much  more 
work  at  all  velocities. 

MUl  No.  7.— This  is  a  12-foot  Aermotor  similar  to  mill  No.  3.  The 
tower  is  of  steel,  having  a  height  of  31  feet  to  the  axis  of  the  wheel. 
The  exposure  was  good  and  all  of  the  parts  were  in  good  working  order, 
the  plant  having  been  in  use  less  than  one  year  when  tests  were  made. 
The  pump  is  of  the  Stone  make  and  is  like  that  of  mill  No.  3,  except 
that  the  check  valve  is  of  the  solid-lift  variety.  The  lift  was  15i  feet 
and  the  discharge  14.3  quarts  per  stroke.  The  water  is  pumped  into 
a  pond  135  feet  by  50  feet  by  2^  feet. 

Comparing  the  results  of  the  tests  of  this  mill  with  those  of  mill 
No.  3,  it  is  seen  that  the  latter  is  somewhat  more  heavily  loaded  than 
the  former  and  makes  a  few  less  strokes  per  minute,  but  that  its 
horsepower  is  a  little  greater.     The  effect  of  the  larger  load  is  shown. 

The  results  of  the  tests  of  mill  No.  7  are  as  follows: 

BegtUts  of  tests  of  mill  No.  7—1^'foot  Aermotor. 


[Load  per  stroke. 

461.9  foot-pounds.] 

Wind  velocity  per  hour. 

• 

Revolations 

of  wind  wheel 

per  minute. 

Strokes  of 

pnmp  -per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  horse- 
power., 

1?  miles                  .... 

88.0 
52.7 
63.3 
73.7 

78.3 

11.4 
15.8 
19.0 
22.1 
23.5 

40.7 
56.5 
67.9 
79.0 
84.0 

0.160 
0.221 
0.266 
0.300 
0.829 

16  miles 

Smiles 

25  miles 

30  miles 

Mm  No.  8. — This  is  a  10-foot  Star  wooden  mill,  manufactured  by 
Bradley,  Wheeler  &  Company,  of  Kansas  City,  Missouri.  The  tower 
is  of  wood,  and  the  axis  of  the  wheel  35|  feet  above  the  ground.  The 
water  is  pumped  into  an  elevated  tank  20  feet  above  the  surface  of 
the  ground  and  is  used  for  irrigation.  The  wheel  has  60  plane  sails, 
each  37  by  5  by  2f  inches,  set  at  an  angle  of  33°  to  the  plane  of  the 
wheel.  It  is  held  in  the  wind  by  means  of  a  weight.  It  is  not  back- 
geared,  a  stroke  of  the  pump  being  made  to  each  revolution  of  the 
wheel.  The  supply  pipe  is  2  inches  in  diameter  and  terminates  in  a 
well  point,  the  end  of  which  is  18  feet  below  the  surface  of  the  ground. 
The  discharge  pipe  is  IJ  inches  in  diameter.  The  cylinder  is  3  inches 
in  diameter,  the  length  of  stroke  5  inches.  The  lift  may  vary  between 
28i  and  37  feet.  It  was  estimated  to  be  about  30  feet  at  the  time  of 
measurement.  The  discharge  per  stroke  was  0.24  quart.  The  cylin- 
der leaked  some  at  the  time  of  tests.  After  a  new  cylinder  was  put 
in  the  discharge  per  stroke  was  increased  to  0.40  quart.     The  mean 
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barometric  pressure  was  27.04  inches,  the  mean  temperature  78°  F. 
The  results  of  the  tests  are  as  follows: 

Results  of  tests  of  miU  No,  8— 10-foot  Star  loooden  mill, 
[Load  per  stroke,  15  foot-ix>nnd8.] 


Wind  velocity  per  hoar. 

Revolntions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Qallons 

pumped  per 

minute. 

Useful  horse- 
power. 

8  miles 

28.0 
30.0 

28.0 
30.0 

1.7 
1.8 

0.013 
0.014 

12  miles 

These  results  show  the  effect  of  the  very  light  load  and  the  readi- 
ness with  which  the  wind  wheel  turns  out  of  the  wind.  It  makes  28 
strokes  per  minute  in  an  8-mile  wind  and  less  than  that  in  a  16-mile 
or  higher  wind. 

Mill  No,  9, — This  is  a  16-foot  Aermotor.  The  tower  is  of  steel,  and 
the  axis  of  the  wheel  is  30  feet  above  the  ground.     The  wheel  has  18 
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Flu.  13.— Diagram  showing  results  with  mill  Ko.  0~l6-foot  Aermotor. 

curved  sails,  each  59  by  25J  by  10^^  inches,  set  at  an  angle  of  30'^  with 
the  plane  of  the  wheel.  It  is  back-geared,  3  to  1.  The  discharge 
pipe  is  12  inches  in  diameter,  the  supply  pipe  6  inches  in  diameter, 
the  cylinder  8  inches  in  diameter.  The  stroke  is  16  inches.  The  well 
is  4  feet  by  0  feet  to  a  depth  of  23  feet,  2  feet  by  2  feet  for  the  next  8 
feet,  and  1 8  inches  in  diameter  for  the  next  14  feet.  The  water  was  39^ 
feet  below  the  surface  of  the  ground.     The  lift  was  44^  feet  and  the 
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discharge  per  stroke  11  quarts.  The  check  valve  is  of  the  single-flap 
variety  and  the  plunger  valve  of  the  double-flap  variety.  The  mean 
barometric  pressure  was  27.04  inches,  and  the  mean  temperature  93'' 
F.  This  plant  had  been  in  use  about  three  years.  The  results  of  the 
tests  are  as  follows: 

Remdts  of  tests  of  miU  No.  B^lS-foot  Aermotor. 
[Load  per  stroke,  1,013  foot-pounds.] 


Wind  velocity  per  hour. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gkhllons 

pumped  per 

minute. 

Useful  horse- 
power. 

12  miles 

16  miles 

31.8 
42.3 
51.6 
58.8 
63.0 

10.6 
14.1 
17.2 
19.6 
21.0 

29.1 
38.8 
47.3 
53.9 

0.325 
0.438 
0.548 
0.601 

20mile6 

25  miles 

30  miles 

517              0.644    1 

1 

The  curve  shown  in  fig.  13  starts  at  a  wind  velocity  of  8  to  9  miles, 
and  reaches  a  maximum  at  13  miles,  with  a  speed  of  53  strokes  per 
mile.  From  that  point  to  a  velocity  of  about  19  miles  the  curve  is 
nearly  horizontal;  after  19  miles  it  descends  slowly  to  32  miles,  with 
38  strokes  per  mile.  The  speed  increases  from  11  strokes  per  minute 
at  12  miles  to  21  strokes  per  minute  at  30  miles  an  hour. 

MiU  No.  10. — This  is  an  8-foot  Ideal.  The  tower  is  of  wood,  the 
axis  of  the  wheel  being  30  feet  above  the  ground.  The  wheel  has  16 
curved  sails,  each  31  by  19  by  7  inches,  set  at  an  angle  of  29^°  with 
the  plane  of  the  wheel.  It  is  back-geared,  2^  to  1.  The  supply  pipe 
is  1^  inches  in  diameter,  the  cylinder  2^  inches  in  diameter.  The 
pump  is  a  common  hand  pump,  with  lift  valve  of  the  flap  form  and 
plunger  of  the  lift  variety.  The  valves  leak  some,  as  the  discharge  is 
greater  when  the  pump  is  working  rapidly  than  when  it  is  working 
slowly.  The  supply  pipe  is  on  a  well  point  2  feet  long  and  1^  inches 
in  diameter,  the  lower  end  of  which  is  50  feet  below  the  surface  of  the 
ground.  The  lift  was  33  feet  and  the  discharge  per  stroke  one-third 
of  a  quart  when  pumping  quite  rapidly.  The  mean  barometric  pres- 
sure was  26. 94  inches,  the  mean  temperature  97°  F.  The  results  of  the 
tests  are  as  follows: 

Results  of  tests  of  mill  No.  10 — S-foot  Ideal. 
[Load  per  stroke,  22. 8  foot-pounds.  ] 


1 

1 

Wind  velocity  per  hour. 

Revolutions 

of  wind  wheel 

per  minute. 

strokes  of 

pump  per 

minute. 

Qallons 

pumped  j>eT 

minute. 

1.2 
2.1 
2.8 

Useful  horse- 
power. 

1      Smiles 

35.2 
62.5 
83.2 

14.1 
25.0 
33.3 

0.010 
0.017 
0.023 
0.032 

12  miles 

16  miles 

20  miles 

38  THR   WINDMILL.  [i«o.«. 

MiU  No.  11. — This  is  a  12-foot  Ideal,  the  working  parts  of  which 
are  shown  in  fig.  14.  The  tower  is  of  steel,  the  axis  of  the  wheel 
being  30  feet  above  the  ground.     The  exposure  was  good,  and  all  of  the 


Fio.  14.— Working  pKrU  of  mlU  No,  11— l£-toot  Ids^ 

parte  were  in  good  working  order  when  mill  was  tested.  The  wheel 
has  21  curved  sails,  each  31  by  19  by  7  inches,  set  at  an  angle  of  294° 
to  the  plane  of  th«  wheel.     It  is  I >a»'k -geared,  2^  to  1,  and  the  wheel 
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is  held  in  the  wind  by  a  spring.  The  discharge  pipe  is  8  inches  in 
diameter,  and  the  length  of  stroke  is  12  inches.  The  supply  pipe 
consists  of  two  3-inch  pipes  14  feet  long,  each  terminating  in  a  3-inch 
well  point  3  feet  long.  The  valves  (check  and  plunger)  are  of  the 
single-flap  variety.  The  water  was  39  feet  below  the  surface  of  the 
ground.  The  lift,  as  nearly  as  could  be  ascertained  at  the  time  of 
measurement,  was  45  feet,  the  discharge  per  stroke  9  quarto.  The 
water  is  pnmped  into  a  pond  60  feet  by  40  feet  by  6  feet.  This  plant 
had  been  in  use  about  three  years.  The  mean  barometric  pressure 
was  26.91  inches,  the  mean  temperature  91°  F.  The  results  of  the 
tests  are  as  follows: 


Results  of  tests  of  mUl  No.  11 — IS-foot  Ideal, 
[Load  per  stroke,  843.7  foot-xwnnda.] 


Wind  velocity  per  hoar. 

BevolatioiiB 

of  wind  wheel 

per  minate. 

12.0 
31.7 
47.0 
58.2 
62.5 

Strokes  of 

pamp  per 

minate. 

Oidlons 

pumped  per 

minatei 

12  miles 

16  miles 

20  miles 

4.8 
12.7 
18.8 
23.3 
25.0 

10.8 
28.6 
43.3 

25  miles 

52.5 

30  miles 

56.2 

' 

Useful  horse- 
power. 


0.123 
0.325 
0.481 
0.600 
0.639 


Mills  Xos.  9  and  11  pump  water  into  the  same  pond  from  the  same 
depth.    It  will  be  seen  from  these  results  that  for  wind  velocities  of 
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FiQ.  15.— Diagram  showing  results  with  mill  No.  11— li^foot  Ideal. 
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20  miles  or  more  the  12-foot  mill  is  pumping  nearly  as  much  water  as 
the  16-foot  mill;  for  velocities  of  12  miles  or  less  the  IG-foot  mill  is 

pumping  much  more  water  than 
the  12-foot  mill. 

This  curve  (fig.  15)  is  for  a 
heavily  loaded  (843.7  foot- 
pounds per  stroke)  12-foot  mill. 
It  starts  with  a  velocity  of  about 
10  miles  an  hour,  and  reaches 
a  maximum  at  about  23  miles, 
with  a  speed  of  57  strokes  per 
mile.  At  30  miles  it  is  making 
51  strokes  per  mile.  The  maxi- 
mum point  of  this  curve  is  much 
farther  to  the  right  than  that  of 
any  other  curve.  The  number 
of  strokes  increases  from  5  per 
minute  at  12  miles  to  25  x)er 
minute  at  30  miles. 

Mia  No.  i^.— This  is  a  14-foot 
Ideal,  shown  in  PI.  VII.     The 
tower  is  of  steel  and  is  .30  feet 
high  to  the  axis  of  the  wheel. 
The  wheel  has  24  curved  sails, 
each  48f  by  17^  by  8  inches,  set 
at  an  angle  of  30°  with  the  plane 
of  the  wheel.    It  is  back-geared, 
2^  to  1.     The  pump  is  of  the 
Frizell  make  (shown  in  fig.  16). 
The  discharge  pipe  is  10  inches 
in    diameter,    the   cylinder    9^ 
inches  in  diameter,  the  supply 
pipe  6  inches  in  diameter,  ter- 
minating in  a  well  point  10  feet 
long  and  6  inches  in  diameter, 
the  lower  end  of  which  is  32  feet 
below  the  surface  of  the  ground. 
The  lift,  as  nearly  as  could  be 
estimated,  was  11  feet,  the  dis- 
charge per  stroke  11.0  cxuarts. 
The  mean  barometric  pressure 
was  27.04  inches,  the  mean  tem- 

P,o.l6.-Working  parte  of  Prizell  cylinder.  P^^ature    81°    F.       The   Water    Ls 

pumpc^d  into  a  reservoir  100  feet 
by  100  feet  by  3  feet  deep.  The  pump  had  l>een  in  use  about  one 
year.     The  results  of  the  test«  ai-e  as  follows : 
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Residts  of  tests  of  mill  No,  2£—lj^foot  Ideal 
[Load  per  stroke,  383.5  foot-pounds.] 


Wind  velocity  per  hour. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  horse- 
power. 

1 

'      8  miles 

7.7 
27.2 
89.8 
48.0 
53.7 

8.1 
10.9 
15.7 
19.2 
21.5 

8.9 
30.1 
45.1 
55.2 
61.8 

0.025 
0.087 
0. 125 
0.158 
0.173 

12mileB 

16  miles 

20 miles 

25  miles 

This  curve  (fig.  17)  is  for  a  very  lightly  loaded  (263.5  foot-pounds) 
14-foot  mill.  This  load  is  only  31  per  cent  of  that  of  the  12-foot  mill, 
No.  11.  The  curve  starts  in  a  7-mile  to  an  8-mile  wind,  and  reaches 
a  maximum  at  15  miles,  with  a  sx)eed  of  58  strokes  per  mile  of  wind. 
At  30  miles  the  speed  is  47  strokes.     Although  this  is  a  very  lightly 
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Fio.  17.— Diagram  showing  results  with  mill  No.  1^— 14*foot  Ideal. 

loaded  mill  it  does  not  make  many  strokes  per  minute.  In  fact, 
although  it  is  not  as  heavily  loaded  as  the  12-foot  mill,  No.  3,  it  does 
not  make  as  many  strokes  per  minute  as  the  latter  mill,  and  it  is  pro- 
ducing much  less  power  than  mill  No.  3. 

MiU  No,  i^.— This  is  a  12-foot  Aermotor  (shown  in  PI.  VIII).  The 
tower  is  of  wood,  with  the  axis  of  the  wheel  25  feet  above  the  ground. 
The  exposure  was  good  and  the  plant  in  excellent  condition,  having 
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been  in  use  abont  one  year  at  the  time  of  tests.  The  wheel  is  the  same 
as  that  of  No.  3.  The  pump  is  of  the  Stone  make.  The  discharge  pipe 
is  10  inches  in  diameter,  the  supply  pipe  5  inches  in  diameter,  on  a 
well  point  10  feet  long,  the  lower  end  of  which  is  17  feet  below  the 
surface  of  the  ground.  The  length  of  stroke  is  12  inches.  The 
plunger  valve  is  of  the  double-flap  type,  and  the  check  valve  of  the 
single-flap  type.  The  discharge  per  stroke  at  the  time  of  test  was 
14.4  quarts  and  the  lift  about  11  feet.  The  mean  barometric  pres- 
sure was  27.09  inches,  the  mean  t>emperature  91°  F.  The  results  of 
the  tests  are  as  follows: 


Results  of  tests  of  mill  No.  IS — IB-foot  Aermotor, 
[Load  per  stroke,  330  foot-pounds.] 


Wind  velocity  per  hour. 

Reyolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  horse- 
power. 

12mile8 

16  miles 

36.7 
57.0 
70.0 
82.0 
91.7 

11.0 
17.1 
21.0 
24.6 
27.5 

89.6 
61.6 
75.6 
88.6 
99.0 

0.110 
0.171 
0.210 
0.247 
0.275 

20mile8 

25  miles 

30  miles.... 

The  important  difference  between  this  plant  and  No.  3  is  that  the 
latter  has  a  4-inch  supply  pipe  and  an  open  well,  while  the  former  has 
a  5-inch  supply  pipe  on  a  well  point.  The  useful  load  per  stroke  of 
mill  No.  13  is  20  per  cent  less  than  that  of  mill  No.  3,  and  the  num- 
ber of  strokes  per  minute  of  No.  13  is  slightly  greater  than  that  of 
No.  3.  It  appears  that  the  well  point  offers  some  resistance,  but  how 
much  can  not  be  said  from  this  data. 

Mill  No,  IJf, — This  is  a  12-foot  Gem,  like  the  one  shown  in  PI.  IX,  on 
a  60-foot  steel  tower.  The  pump  is  of  the  Gause  make.  The  cylinder 
is  8  inches  in  diameter,  the  length  of  stroke  9  inches.  The  supply  is 
from  a  12-inch  pipe  in  an  open  well.  The  discharge  per  stroke  was 
9J  quarts  and  the  lift  15^  feet.     The  wind  velocity  was  not  measured. 

MiXi  No.  15, — This  is  a  10-foot  Gem  similar  to  that  shown  in  PI.  IX. 
The  tower  is  of  wood,  the  axis  of  the  wheel  being  34  feet  above  the 
ground.  The  mill  was  in  good  working  order,  but  the  exposure  was 
not  good,  on  account  of  trees.  The  wheel  has  24  sails,  each  36  by  11 
by  4i  inches,  set  at  an  angle  of  35°  with  the  plane  of  the  wheel. 
It  is  back-geared,  3  to  1.  The  pump  is  of  the  Stone  make.  The  dis- 
charge pipe  is  8  inches  in  diameter.  The  supply  pipe  is  on  a  3-inch 
well  point  8  feet  long,  the  lower  end  of  which  is  21^  feet  below  the  sur- 
face of  the  ground.  The  plunger  valve  is  of  the  single-flap  form. 
Depth  to  water  is  10  feet.  The  discharge  per  stroke  was  7  quarts,  the 
lift  about  15  feet.  The  mean  barometric  pressure  was  27.05  inches, 
the  mean  teinperatui*e  84°  F. 
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The  results  of  the  tests  are  as  follows : 

BestUts  of  testa  of  mill  No.  1/i — 10-foot  Oerti. 
[LofMl  per  stroke,  219  foot-poands.] 


Wind  velocity  per  hoar. 

Reyolntions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  -per 

minute. 

Useful  horse- 
power. 

12  miles 

16  mileft 

23.4 
85.7 
44.1 
48.8 

7.8 
11.9 
14.7 
14.6 

18.6 
21.0 
25.7 
25.5 

0.058 
0.082 
0.101 
0.099 

20  miles 

25  miles 

This  mill  revolves  very  slowly,  indicating  a  heavy  load.  Its  useful 
horsepower,  however,  is  little  greater  than  that  of  mill  No.  5. 

Mill  No.  16. — This  is  a  10-foot  Halliday,  pumping  water  into  the 
same  pond  as  No.  1§.  It  is  similar  to  the  mill  shown  in  fig.  20.  The 
tower  is  of  wood,  the  axis  of  the  wheel  being  28  feet  above  the  ground. 
The  wheel  has  78  sails,  each  36^  by  4  by  2\  inches,  set  at  an  angle 
of  35.5°  to  the  plane  of  the  wheel.  It  is  not  back-geared.  The 
pump  is  of  the  Gause  make,  with  a  discharge  pipe  6  inches  in  diame- 
ter and  a  supply  pipe  4  inches  in  diameter.  There  is  a  6-inch  galvan- 
ized-iron  pipe,  forming  an  open  well,  extending  15  feet  into  the  water. 
The  depth  to  water  was  11  feet,  the  lift  16  feet,  and  the  discharge  per 
stroke  3  quarts.  The  mean  barometeric  pressure  was  27.02  inches, 
the  mean  temperature  94°  F.     The  results  of  tests  are  as  follows: 

Besulta  of  tests  of  mill  No.  16 — lO^foot  wooden  Halliday, 
[Load  per  stroke,  100  foot-pound&] 


Wind  velocity  per  hour. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  horse- 
power. 

8  miles 

4.0 
22.6 
83.9 
42.7 
52.5 

4.0 
22.6 
83.9 
42.7 
52.5 

3.0 
16.9 
25.4 
82.0 
89.3 

0.012 
0.067 
0.103 
0.130 
0.159 

12  miles 

16  miles 

20  milfifl 

25  miles 

This  10-foot  wooden  mill  is  seen  to  be  doing  more  useful  work  than 
the  10-foot  steel  Gem,  No.  15.  Usually,  however,  the  direct-stroke 
wooden  mills  do  less  work  than  the  back-geared  steel  mills  of  the  same 
size. 

MiU  No.  17. — ^This  is  a  12-foot  improved  Gem  on  a  30-foot  steel 
tower.  The  wheel  has  32  curved  sails,  each  42  by  11^  by  4J  inches, 
set  at  an  angle  of  37°  with  the  plane  of  the  wheel.  It  is  back-geared, 
2  to  1.  The  pump  is  of  the  Gause  type,  with  an  8-inch  discharge  pipe, 
a  4-inch  supply  pipe,  12  inches  stroke,  and  an  open  well  formed  of  a 
12-inch  wooden  casing.     The  depth  to  water  was  17 J  feet,  and  the 
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discharj^e  per  stroke  8J  quarts.  The  mean  barometric  pressure  was 
27.05  inches,  the  mean  temperature  93°  F.  The  results  of  the  tests 
are  as  follows : 

Results  of  tests  of  mill  No,  17 — IS-foot  improved  Gem, 
[Load  per  stroke,  385  foot-pounds.] 


Wind  velocity  per  hour. 

Eevolntions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  i)er 

minute. 

Gallons 

pumped  per 

minute. 

Useful  horse- 
power. 

12  miles 

12.0 
25.6 
34.6 

6.0 
12.8 
17.3 

12.7 
27.2 
36.8 

0.070 
0.149 
0.202 

16  miles 

20  miles 

This  mill,  although  nearly  new,  does  not  work  well.  It  is  out  of 
plumb.  Only  a  few  measurements  of  the  number  of  strokes  per  mile 
of  wind  were  made. 

Mill  No,  18, — This  is  an  8-foot  Ideal  on  a  36- foot  wooden  lower. 
The  exposure  was  good  and  the  parts  in  good  working  order.  The 
wheel  is  like  that  of  mill  No.  4.  The  pump  is  of  the  Stone  make,  with 
a  6-inch  discharge  pipe.  There  is  no  supply  pipe,  the  cylinder  being 
under  water,  with  3  inches  oi)ening  to  it  from  below.  The  check  valve 
is  of  the  lift  variety,  the  plunger  valve  of  the  single-flap  variety.  The 
well  is  dug  to  a  depth  of  8  feet.  It  is  4J  feet  in  diameter.  In  the 
bottom  a  10-inch  galvanized-iron  pipe  extends  down  several  feet.  It 
was  11  feet  to  water.  The  lift  was  14J  feet  and  the  discharge  per 
stroke  2.92  quarts.  The  mean  barometric  pressure  was  27.01  inches, 
the  mean  temperature  83°  F.  The  cost  of  the  plant,  including  pond, 
was  $125.     The  results  of  the  tests  are  as  follows: 

Results  of  tests  of  mill  No,  18 — S^foot  Ideal. 
[Load  per  stroke,  89.2  foot-pounds.] 


Wind  velocity  per  hour. 


8  miles 
12  miles 
16  miles 
20  miles 
25  miles 


Revolutions 

of  wind  wheel 

per  minute. 


20.0 
50.5 
65.2 
70.0 
68.7 


Strokes  of 

pump  per 

minute. 


8.0 
20.2 
26.1 
28.0 
27.5 


Gallons 

pumped  per 

minute. 


5.8 
14.6 
18.9 
20.3 
19.9 


Useful  horse- 
power. 


0.022 
0.054 
0.070 
0.076 
0.074 


After  the  spring  which  holds  the  wind  wheel  of  this  mill  in  the  wind 
was  tightened,  the  numl>er  of  strokes  per  mile  of  wind  was  increased 
from  98  to  114  in  a  16-mile  w^ind,  from  84  to  102  in  a  20-mile  wind,  and 
from  66  to  79  in  a  25-mile  wind. 

Mill  No.  i.9.— This  is  a  12-foot  Gem  (shown  in  PL  IX)  on  a  30-foot 
wooden  tower.  The  exposure  wa^s  good  and  the  mill  in  good  work- 
ing order.  The  wheel  is  like  that  of  mill  No.  17.  The  pump  is  of 
the  Stone  make,  with  a  10-inch  discharge  pipe  and  a  4:-inch  supply 
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pipe.  The  length  of  the  stroke  is  10  inches.  The  supply  pipe  is  on  a 
4-inch  well  point  9  feet  long,  the  end  of  which  is  23  feet  below  the 
surface  of  the  ground.  The  check  valve  is  of  the  lift  type  and  the 
plunger  valve  of  the  single-flap  type.  The  lift  was  about  18  feet  and 
the  discharge  per  stroke  12  quarts.  The  mean  barometric  pressure 
was  27.13  inches,  the  mean  temperature  70°  F.  The  water  is  pumped 
into  a  reservoir  120  feet  by  60  feet.  The  results  of  the  teste  are  as 
follows: 

B&nUts  of  tests  of  mill  No,  19 — IJ-foot  Genu 

[Load  i)er  stroke,  450  foot-poundR.] 


Wind  velocity 

per 

hour. 

Revolotions 

of  wind  wheel 

I>er  minnte. 

Stroke  of 

pump  per 

minnte. 

Gallons 
'  pnmped  per 
minute. 

UB€ 

\^Xff\\t^tk 

12.4 
23.8 
29.4 
32.0 

6.2 
11.9 
14.7 
16.0 

18.6 

IftfXlll^ 

85.7     ' 

20  milffi 

44.1 

48.0 

25  miles 

Useful  horse- 
power. 


0.085 
0.162 
0.201 
0.219 


This  curve  (fig.  18)  shows  that  a  9-mile  wind  is  necessary  to  start 
this  mill,  and  that  the  greatest  number  of  strokes  per  mile  of  wind 
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FiQ.  18.— Diagram  showing  results  with  mill  No.  19— li^-foot  Gem. 

is  45 — about  25  per  cent  less  than  most  1 2-f  oot  steel  back-geared  mills, 
l)eing  at  the  rate  of  6  strokes  at  12  miles  and  10  strokes  at  2o  miles  an 
hour.  The  load  of  this  mill  is  somewhat  great<»r  than  that  of  No.  3, 
and  its  power  should  be  equal  or  gi-eater,  but  it  is  seen  to  be  much  less. 
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Mia  No.  20,— This  is  a  15i-foot  Jumbo  (shown  in  PI.  X,  A).  Its 
axis  is  a  steel  shaft  8  feet  above  the  ground.  It  has  6  sails,  each  9^  by 
3^  feet,  with  an  outer  radius  of  7J  feet  and  an  inner  radius  of  4^  feet. 
This  mill  operates  two  pumps,  one  at  eacli  end  of  the  axis,  each  pump 
having  a  6-inch  cylinder,  a  3-inch  discharge  pipe,  and  a  3-inch  supply 
pipe  on  a  well  point  5  feet  long.  The  discharge  per  stroke  of  the 
two  pumps  was  10  quarts,  the  lift  about  14  feet.  The  mean  baro- 
metric pressure  was  27.09  inches,  the  mean  temperature  85°  F.  The 
anemometer  was  held  14  feet  above  the  surface  of  the  ground,  or 
at  the  elevation  of  the  center  of  a  sail  when  in  its  highest  position. 
The  wheel  is  set  in  a  large  box  the  top  of  which  is  on  a  level  with  the 
axis  of  the  wheel,  to  prevent  the  wind  from  striking  the  part  of  the 
wheel  below  its  axis.     The  results  of  the  tests  are  as  follows: 

Results  of  tests  of  mill  No.  ^0 — 15\-foot  Jumbo, 
[Load  per  stroke,  291.2  f  oot-ponnds.] 


Wind  velocity  per  hour. 


16  miles 
20  miles 


BeyolutiouB 

of  wind  wheel 

j>er  minute. 


5.8 
10.7 


strokes  of 

pump  per 

minute. 


5.8 

10.7 


Gallons 

pumped  per 

minute. 


Useful  horse- 
power. 


13.2 
26.7 


0.047 
0.095 


The  curve  shown  in  fig.  19  is  seen  to  be  different  from  the  others  in 
that  it  apparently  has  no  maximum.     It  starts  at  a  wind  velocity  of  13 
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Fio.  19.— Diagram  showing  results  with  mill  No.  20— I5f>foot  Jumbo. 

to  14  miles,  and  beyond  20  miles  it  appears  to  be  a  nearly  straight 
line.  Comparing  these  results  with  those  of  No.  5,  it  will  be  seen 
that  this  mill  is  inferior  in  power  to  a  good  8-foot  steel  mill. 
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ifill  No.  2;.— This  is  a  12-foot  Halliday  (shown  in  PI.  XI)  on  a  31- 
fool  wooden  tower.  It  was  made  by  the  United  States  Wind  £ngine 
aud  Pomp  Company,  of  Batavia,  lUinois.     The  working  parts  are 


Fi.i,  :1U.-Workio8  parts  of  Hkllld>r  mlU;  A,  bed  ptate;  A\  Ua  ftrm;  B,  turotnlJo;  B'.  regu- 
l»lm^(^^d;  C,  front  pUto;  C,  »Mlatlnf[  weight;  D,  alidlnB  htad;  E,  tie  rod:  f.  forked  levor;  P. 
tins  or  niln;  O.  tniM  frsmo;  H.  trow  rod;  i,  pitman;  L\  fan  lever;  M.  crunk  pUle;  if  «', 
mMtojf.welBlitleTer;  R,  ibnt-ofT  rod ;  R'.abnt-oarodloTer;  .S,  mainBhatt;  S',  sleeve;  K,  vmb; 
>",»»ne»nn;  W,  weight;  »".counterwelBbt;  Xswlvel  boi;  r, spider;  Z.  aliding  boi. 

shown  in  fig.  30.  The  wheel  has  6i  sails,  ea«h  42^  by  5  by  2|  inches, 
sft  at  an  angle  of  .35°  with  the  plane  of  the  wlieel.  It  is  not  back- 
geared,  and  regulates  ifeelf  on  the  centrifugal  principle — the  sails 
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taking  the  direction  of  the  wind.  The  pump  is  of  the  Stone  make, 
with  7^-inch  discharge  pipe,  4-inch  supply  pipe,  and  7  inches  stroke. 
The  check  valve  is  of  the  lift  variety,  the  plunger  valve  of  the 
double-flap  variety.  The  well,  which  is  open,  is  formed  by  a  wooden 
curb,  12  inches  in  diameter,  sunk  in  the  bottom  of  a  dug  well  9  feet 
deep.  The  depth  to  water  was  Hi  feet  and  the  lift  11  feet.  The  dis- 
charge per  stroke  was  4^  quarts  when  pumping  quite  rapidly  (30 
strokes  per  minute).  The  valves  were  not  in  very  good  repair  and 
the  pump  lost  its  priming  after  a  time.  The  results  of  the  tests  are 
as  follows: 

HestUts  of  testfi  of  miU  No.  21 — 12-foot  toooden  HaUiday, 


[Load  per  stroke, 

141.5  foot-pounds.] 

Wind  velocity  per  hour. 

RevolDtions 

of  wind  wheel 

I>er  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  horse- 
power. 

12  miles 

14.0 
28.5 
87.8 
44.6 

14.0 
28.5 
37.3 
44.6 

15.9 
82.1 
42.0 
50.2 

0.060 
0.121 
0.159 
0.184 

16  miles 

20  miles 

^!}  milefl .... 

This  curve  (shown  in  fig.  21),  which  is  for  a  lightly  loaded  (141.5 
foot-pounds)  direct^stroke  12-foot  mill,  will  be  seen  to  start  at  a  wind 
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Fig.  21.— Diagram  showing  results  with  mill  No.  21->12*foot  Halliday. 

velocity  of  9  to  10  miles  and  to  reach  a  maximum  at  19  miles,  with  a 
speed  of  112  strokes  per  mile.     At  30  miles  the  number  of  strokes  is 
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about  98  per  mile.  The  number  of  strokes  per  minute  varies  from  14 
at  12  miles  to  45  at  25  miles.  The  power  of  this  mill  is  only  about 
half  that  of  the  12-foot  Aermotor,  No.  3. 

MUl  No.  26, — ^This  is  an  8-foot  steel  mill  on  a  32-foot  steel  tower, 
made  by  Fairbanks,  Morse  &  (Company.  The  wheel  has  18  curved  sails, 
each  29  by  llf  by  5i  inches,  set  at  an  angle  of  29°  with  the  plane 
of  the  wheel.  It  is  back-geared,  2^  to  1.  The  pump  is  of  the  com- 
mon hand  variety,  with  a  2^inch  cylinder,  l^inch  supply  and  dis- 
charge pipes,  and  4  inches  stroke.  The  well  is  open,  6^^  feet  to  water. 
The  discharge  per  stroke  was  0.31  quart  and  the  lift  8^  feet.  The 
water  raised  is  used  for  watering  stock.  The  results  of  the  tests  are 
as  follows: 

Results  of  tests  of  mUl  No.  26—&-foot  Fairbanks-Morse  steel  mill, 

[Load  per  stroke,  5.5  foot-poands.] 


Wind  velocity  per  hoar. 

Beyolntions 

of  wind  wheel 

per  minute. 

Strokes  of 

pamp  per 

minnte. 

Gallons 

pamped  per 

minnte. 

Useful  horse- 
power. 

8mil€0 

30.7 
73.0 
08.2 
05.0 
83.2 

12.3 
20.2 
37.3 
38.0 
33.3 

1.0 
2.3 
2.0 
3.0 
2.6 

0.002 
0.005 
0.007 
0.008 
0.005 

13miiM , 

l^milAfi  .  ...  . ,   - , 

20mllee 

35mll40 
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40 


K 


30 


20 


This  is  a  very  lightly  loaded  mill — only  5.5  foot-pounds  per  stroke  of 
pump.  The  number  of  strokes 
per  minute  in  light  winds  is 
large;  the  number  of  strokes  per 
minute  in  a  25-mile  wind  is  only 
33.3,  compared  with  38  in  a 
20-mile  wind.  A  comparison  of 
this  mill  with  No.  5  will  show 
the  difference  between  a  small 
pumping  outfit  for  stock  pur- 
poses and  one  for  irrigation. 

Mia  No,  SO.— This  is  a  16-foot 
Irrigator  manufactured  by  M. 
Schow,  of  Kinsle}^  Kansas.  It  is 
a  power  mill,  but  not  geared  for- 
ward, and  works  a  pump  called  a 
' '  water  elevator. "  The  tower  is 
of  wood,  22  feet  to  axis  of  wheel. 
The  wind  wheel  has  10  plane 
wooden  sails,  each  70^  by  16  by 
13^  inches,  set  at  an  angle  of 
39°  to  the  direction  of  the  wind. 
The  vertical  shafting  is  geared  back  30  to  13,  and  the  liorizontal  shaft 
is  geared  forward  13  to  30.  The  water  is  lifted  from  a  well  8  feet 
IRR  41—01 i 
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Fig.  2SS. --Diagram  showiiiR  revolutions  of  wind 
wheel  of  mill  No.  30— 16-foot  Irrigator.  AB  is 
for  a  load  of  'H  foot-poands  per  revolution  of 
wind  wheel;  CD  is  for  a  load  of  351  foot-pounds; 
ED  is  for  a  useful  pump  load  of  837  foot-pounds. 
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by  10  feet  (7  feet  depth  to  water),  cased  with  wood.  The  buckets 
of  the  elevator  are  made  of  galvanized  iron  and  are  14  by  7i  by  5^ 
inches,  set  18  inches  center  to  center,  and  hold  3  gallons  each.  Each 
bucket  has  a  valve  in  its  bottom.  The  lift  is  about  11  feet,  and  there 
are  20  buckets  on  the  elevator  chains.  There  is  a  box  in  the  bottom 
of  the  well  into  which  the  buckets  dip  to  get  their  supply  of  water. 
This  box  has  a  screen  in  its  bottom  to  keep  out  the  sand.  The  mill 
does  not  govern  well,  on  account  of  side  draft.  The  mean  barometric 
pressure  was  27.7  inches,  the  mean  temperature  72°  F.  The  results 
of  the  tests  are  as  follows: 

Results  of  tests  of  mill  No.  30 — 16-foot  Irrigator. 


LoadoD 
brake. 

Pounds. 

2 

16 

Pump. 

Load 
per  rev- 
olation 
of  wind 
wheel. 

Ft. 'lbs. 

32 

251 

887 

Namber  of  revolntioDs  of  wind  wheel 
per  minute  at  given  wind  Telocities 
(per  hoar). 

Useful  horsepower  at  given  wind 
velocities  (per  hour). 

8 
miles. 

12 

12 
miles. 

15 
miles. 

20 
miles. 

25 

miles. 

44 

42 
42 

8 
miles. 

0.012 

12 
miles. 

15 
miles. 

20      1       25 

miles.  ,  miles. 

1 

26 
19 
14 

83 
29 
26 

41 
39 

38 

0.025 
0.140 
0.140 

0.U32 
0.220 
0.260 

1 

1 
1 

0.043 

0.390 

0.440 

VELOCITY  OF  WIND  IN  MILES  PER  HOUR. 

10  15  20 


.8 


.2 


Fig.  22  shows  the  number  of  revolutions  per  minute  of  the  wind 
wheel  for  three  loads.     Fig.  23  shows  the  horsepower  for  these  loads. 

Comparing  the  useful  pump 
25  horsepower  of  this  mill  with 
that  of  the  16-foot  mill  No.  9, 
it  will  be  seen  that  this  mill  is 
not  so  powerful  as  No.  9.  The 
power  of  the  Aermotor  for  low 
velocities  is  much  greater  than 
that  of  the  Irrigator. 

MUl  No.  SI.— This  is  a  14-foot 
Elgin  wooden  power  mill,  manu- 
factured at  Elgin,  Illinois.      It 
works  a  rotary  (Wonder)  pump. 
The  wind  wheel  is  on  a  48-foot 
wooden  tower.     It  has  88  plane 
wooden  sails,  each  52  by  6    by 
3^  inches,  set  at  an  angle  of  37° 
to  the  plane  of  the  wheel.      It 
is  a  sectional   vaneless  wheel; 
in  place  of  the  vane  there   is  a 
heavy  counterpoise.     The  wheel 
is  geared  forward  about  7.19  to 
1.     The  rotary  pump  is  a  3  inch.     It  is  on  a  well  point  6  inches  in 
diameter  and  8  feet  long;  the  point  penetrates  the  water  to  a  depth  of 
8  feet.     The  lift  was  about  18  feet.     The  suction  and  discharge  pipes 
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Fig.  23.— Diagram  showing  horsepower  of  mill 
No.  ao.  Curve  AB  shows  the  horsepower  for  a 
32  foot-pound  load;  CD,  the  power  for  a 251  foot- 
pound load;  EF^  the  power  for  a  337  foot-pound 
load ;  dotted  curve  shows  maximum  horsepower 
for  best  load. 
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are  each  3  inches  in  diameter.  The  discharge  was  2  quarts  per  revo- 
lution of  pump.  The  pump  is  manufactured  by  the  National  Pump 
Company,  of  Kansas  City,  Missouri.  In  a  15-mile  to  a  20-mile  wind 
the  windmill  worked  the  pump  before  priming,  but  would  not  start  it 
in  that  wind  after  priming.  After  several  attempts  of  the  mill  to 
start  the  pump  the  pulley  turned  on  the  shaft  so  that  it  could  not  be 
used.  It  was  very  evident  that  the  pump  was  too  great  a  load  for  the 
mill.  The  owner  stated  that  the  mill  would  only  run  during  a  strong 
wind. 

MiU  No.  32, — ^This  mill  is  like  the  12-foot  Aermotor,  the  working 
parts  of  which  are  shown  in  fig.  7.  It  is  on  a  40-foot  steel  tower. 
The  wheel  lias  18  curved  sails,  each  44  by  ISJ  by  7i  inches,  set  at  an 
angle  of  31°  to  the  plane  of  the  wheel.  The  pump  is  of  the  Wood- 
manse  type,  a  sectional  view  of  which  is  shown  in  fig.  5,  and  has  an 
8-inch  cylinder  and  12  inches  stroke.  It  is  in  an  open  well.  The  depth 
to  water  was  14  feet,  the  lift  20  feet,  and  the  discharge  per  stroke  7 
quarts.  It  is  back-geared,  3 J  to  1.  The  water  is  pumped  into  a  i)ond 
and  used  for  irrigation.  The  mean  barometric  pressure  was  27.9 
inches,  the  mean  temperature  82"^  F.  The  results  of  the  tests  are  as 
follows: 

Besults  of  tests  of  mill  No,  S^-^lS-foot  Aermotor, 
[Load  per  stroke,  818  foot-poands.] 


Wind  velocity  per  hour. 

Reyolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Smiles 

17.7 
49.8 
60.0 
78.0 

5.8 

12  miles 

14.8 

15  miles 

18.5 

30  miles 

22.0 

Gallons 
pumped  per 
'      minute. 


9.8 
25.9 
32.4 
88.5 


Useful  horse- 
power. 


0.047 
0.181 
0.164 
0.195 


MiU  No.  33 — This  is  a  10-foot  Woodmanse  pumping  mill  on  a  40-foot 
steel  tower.  The  working  parts  are  like  those  shown  in  fig.  4.  The 
wheel  has  24  curved  sails,  each  30^^  by  12^  by  ^;  inches,  set  at  an 
angle  of  29°  to  the  plane  of  the  wheel.  It  is  back-geared,  2^  to  1. 
The  pump  is  of  the  Woodmanse  make  (like  that  shown  in  fig.  5),  with 
a  G-inch  cylinder  and  10  inches  stroke.  The  depth  to  water  was  14 
feet.  The  pump  is  on  a  well  X)oint  3^  inches  in  diameter,  4  feet  long, 
and  67  feet  below  the  surface  of  the  ground.  The  suction  pipe  is  3^ 
iiic'hes  in  diameter,  the  discharge  pipe  6  inches  in  diameter.  Tlie  lift 
was  about  22  feet,  the  discharge  per  stroke  3f  quarts.  The  water 
is  pumi)ed  into  a  pond  and  used  for  irrigation.  The  mean  barome- 
tric pressure  was  27.9  inches,  the  mean  teraperatui-e  88°  F. 
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The  results  of  the  tests  are  as  follows: 

Reaults  of  tests  of  miU  No,  SS^-lO-foot  Woodmanse, 
[Load  per  stroke,  178  foot-ponnds.] 


Wind  velocity  per  hour. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  horse- 
power. 

8  milee 

8.7 
86.0 
51.2 

8.5 
14.4 
20.5 

8.3 
13.5 
19.2 

0.020 
0.075 
0.110 

12Tnile«                    . 

15  mileB 

• 

MUl  No.  36. — ^This  is  an  8-foot  steel  Dempster  pumping  mill,  manu- 
factured by  the  Dempster  Manufacturing  (Company,  of  Beatrice, 
Nebraska,  and  is  shown  in  PI.  XII.  The  tower  is  of  steel,  80feet  toaxis 
of  wheel.  The  wind  wheel  has  18  curved  sails,  each  30^-  by  14^  by  7 
inches,  set  at  an  angle  of  27^  to  the  plane  of  the  wheel.  It  is  back- 
geared,  3  to  1.  The  well  is  an  open  dug  well.  The  distance  from  the 
surface  of  the  ground  to  the  water  was  39  feet.  The  water  is  pumped 
into  a  tank  22  feet  above  ground,  and  is  used  for  irrigation.  The 
pump  has  an  8-inch  stroke,  a  3i-inch  cylinder,  and  2-inch  suction  and 
discharge  pipes.  The  lift  was  58  feet,  the  discharge  per  stroke  1.1 
quarts.  The  mean  temperature  was  51^  F.,  the  mean  barometric  pres- 
sure 28.9  inches.     The  results  of  the  tests  are  as  follows: 

Besults  of  tests  of  miU  No.  S6 — S-foot  steel  Dempster. 
[Load  per  stroke,  18^6  foot-pounds.] 


1 

Wind  velocity  per  hour. 

Bevolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

mmnte. 

Useful  horse- 
power. 

12  miles 

57.6 
86.4 
99.9 

19.2 
28.8 
88.8 

5.3 
7.9 
9.2 

0.077 
0.116 
0.184 

16  mile^ 

20  TnilMi 

In  a  15-mile  wind  the  pump  made  26  to  27  strokes  per  minute,  and 
when  the  pump  rod  was  uncoupled  from  the  pump  it  made  34  strokes 
l)er  minute  in  the  same  wind.  Fig.  24  shows  the  number  of  strokes 
l^er  minute  for  different  wind  velocities.  This  mill  is  heavily 
loaded — 133  foot-pounds  per  stroke  of  pump.  It  starts  at  a  wind 
velocity  of  about  9  miles  an  hour,  and  as  the  wind  increases  the 
number  of  strokes  increases  rapidly  at  first,  then  more  slowly.  At 
25  miles  an  hour  the  number  of  strokes  is  37  per  minute.  This  mill 
is  back-geared,  3  to  1,  so  that  in  a  25-mile  wind  the  wind  wheel  makes 
111  revolutions  per  minute  and  has  a  circumference  velocity  of  46.5 
feet  i)er  second. 

MM  No.  36. — This  is  a  22^- foot  Eclipse  wooden  pumping  mill,  lift- 
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VBLOGITY  OF  WIND  IN  MIUH  PER  HOUR. 

in  15  ao  26 


ing  water  into  a  tank  for  railroad  purposes.  The  tower  is  of  wood,  52 
feet  to  the  axis  of  the  wheel.  The  wind  wheel  has  136  plane  sails, 
each  105  by  6  by  2  inches,  set  at  an  angle  of  39°  to  the  plane  of  the 
wheel.  It  works  by  direct 
stroke.  The  well,  which  is 
open,  is  20  feet  in  diameter; 
the  depth  to  water  was  19 
feet  from  the  surface  of  the 
ground.  The  pump  is 
double-acting,  and  has  a 
4f-inch  cylinder,  7  inches 
sH'oke,  and  2-inch  suction 
and  discharge  pipes.  The 
lift  was  39  feet.  The  tank 
is  90  feet  from  the  welL 
The  discharge  could  not  be 
measured,  but  as  the  pack- 
ing of  the  pump  was  new  it 
was  approximately  equal  to 
twice   the    volume   of    the 


Pi 

h 
O 
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Fio.  24.— Oomparatlve  diagram  showing  roBults  with 
mills  No.  36  (8-foot  Dempster)  and  No.  38  (SS^foot 
Eclipse). 


cylinder,  or  0.76  gallon  per  double  stroke.  The  mean  t.emperature 
was  58°  F.,  the  mean  barometric  pressure  29.43  inches.  The  results 
of  the  tests  are  as  follows: 

Memdts  of  tests  of  miU  No,  SB — 2fS\-foot  wooden  Eclipse, 
[Load  per  stroke,  248  foot-jKninds.] 


Wind  velocity  per  hoar. 

Revolations 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  horse- 
power. 

8  mil^ 

4.8 
12.0 
16.5 
20.0 
24.2 

4.8 
12.0 
16.5 
20.0 
24.2 

8.8 

9.4 

12.8 

15.6 

18.8 

0.086 
0.090 
0.124 
0.150 
0.182 

12  miles 

16  miles 

20  miles 

25  miles  . 

Fig.  24  shows  the  strokes  i)er  minute  at  different  wind  velocities. 
The  diagram  is  seen  to  be  quite  different  from  that  of  mill  Ko.  35. 
The  mill  starts  at  a  wind  velocity  of  6  or  7  miles  an  hour,  and 
increases  gradually  to  24  strokes  in  a  25-mile  wind.  The  circumfer- 
ence velocity  of  the  latter  is  46.5  feet  i)er  second,  that  of  the  former 
29  feet.  The  wind  wheel  of  this  mill  is  making  24  revolutions  per 
minute;  that  of  No.  35  is  making  111  revolutions  per  minute  in  a 
25-mile  wind. 

MiU  No,  S7, — ^This  is  a  12-foot  steel  Woodmanse  Mogul  like  that 
shown  in  fig.  4.  It  pumps  water  into  a  pressure  tank  9^  feet  by  2^  feet 
In  a  cellar  and  about  170  feet  from  the  welL    The  pump  and  pressure 
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tiiuk  are  »liowii  in  fig.  )i5.  The  t^ower  is  of  ntuel,  and  is  40  feet  to  the 
axis  of  t.lie  whwl.  The  wind  wheel  has  30  curved  Hails,  each  37  by  13 
by  5,6  laches,  set  at  an  angle  of  29°  to  the  plane  of  the  wheel.  The 
well  is  50  feet  deep  and  8  inches  in  diameter;  the  depth  to  water  was 
42  feet.  The  pump  has  a  3-inch  cylinder  and  9  inches  etroke.  The 
discharge  jiipe  is  I   inch  in  «liameter,  the  suction  pipe  IJ:  inches  in 


Pio.  EG.— Pnmp,  prwwnm  tink,  ■nit  hytirftiiUo  rogulalor  of  mill  No.  aJ-l2foo(  Woodiunw 
Motcnl- 

diameter.  The  discharge  per  stroke  was  1.05  quarts.  The  load  on 
the  pump  was  e<pial  to  43  feet  head  of  water  (the  friction  in  almut 
200  feet  of  1-inch  pipe)  and  a  compressed-air  pressure  the  amount  of 
which  was  recorded  on  a  gage.  Thcmean  temperature  was  6C°  F.,  the 
mean  barometric  pressure  29.1  inches.  The  results  of  the  teats  are  as 
follows : 
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Resnlts  of  tests  of  mill  No.  37—lS'foot  sted  Woodmanse  Mogvd, 


per  stroke. 

Number  of  strokes  of  pamp  per  min- 
ute at  given  wind   Telocities  (per 
honr). 

Useful  horsepower  at  given  wind 
velocities  (per  hoar). 

i 

1 

00 

i 

i 

i 

i 

i 

Smiles. 

i 

i 

i 

i 

s 

I 

1 

B 

1 

1 

a 

1 

^4 
a 

a 

7 

a 

a 

a 

^ 

s 

s 

2 

^ 

^ 

s 

Ft.-lbt. 

94 

7.7 

18.4 

24.5 

29.8 

84.2 

38.0 

0.022 

0.053 

0.071 

0.083 

0.097 

0.108 

254 

12.2 

19.0 

23.3 

25.7 

29.0 

0.094 

0.146 

0.180 

0.206 

0.223 

950 

18.0 
10.7 

21.0 

21.5 

0.191 
0.163 

0.223 

0.228 

473 

t 

1 

■ 

Fig.  26  shows  the  number  of  strokes  per  minute  for  different  wind 
velocities  for  four  useful  pump  loads,  viz,  43  feet,  43  feet  plus  32 
pounds,  43  feet  plus  50  pounds,  and  43  feet  plus  75  pounds,  or, 
reducing  the  pounds  pressure  to  head  in  feet,  the  four  useful  loads 
are:  43  feet  for  the  

^w        ^^  VELOCITY  OF  WIND  IN  XIL.SS  PKR  HOUR. 

curve  aa'y  116  feet  for  lo  is  20  25  ao 

the  curve  66',  160  feet 
for  the  curve  cc'y  and 
216  feet  for  the  curve 
dd\  The  effect  of  in- 
creased load  on  the 
number  of  strokes  is 
well  shown  here.  The 
effect  of  the  hydraulic 
regulator  may  be  seen 
in  the  curve  cc\  but  it 
is  shown  to  a  greater 
extent  in  the  curve 
dd\ 
Mia  No.  38.— This 
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Fio.  20.— Diagram  showing  results  with  mill  Na  87— 12-foot 
Woodmanse  HogoL  The  curve  oa'  is  for  a  useful  pump  load 
of  48  feet  head;  W  is  for  a  useful  pump  load  of  116  feet  head; 
c&  is  for  a  useful  pump  load  of  100  feet  head;  dd'  is  for  a  use- 
ful pump  load  of  216  feet  head.  The  effect  of  the  hydraulic 
regulator  is  shown  in  the  curves  cc'  and  dd'. 


is  a  10-foot  Woodmanse  wooden  mill  on  a  30-foot  wooden  tower,  and  is 
used  to  pump  water  for  stock.  The  wind  wheel  has  96  plane  sails, 
each  34  by  3^  by  \\  inches,  set  at  an  angle  of  38°  to  the  plane  of  the 
wheel.  The  well  is  driven  and  is  107  feet  deep;  the  depth  to  water 
was  about  44  feet.  The  pump  works  direct  and  has  a  24^-inch  cylinder 
and  4  inches  stroke.  The  lift  was  about  50  feet,  and  the  discharge 
per  stroke  of  pump  ^  gallon. 
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The  results  of  the  tests  are  as  follows: 

Results  of  tests  of  mill  No,  38 — 10-foot  toooden  Woodmanse, 

[Load  per  stroke,  2i  foot-pounds.} 


Wind  velocity  per  hour. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Oallons 

pumped  per 

minute. 

Useful  horse- 
power. 

8  miles 

18 
29 
86 
41 
46 

18 
29 
36 
41 
46 

0.9 
1.5 
1.8 
2.1 
2.8 

0.012 
0.019 
0.023 
0.026 
0.029 

12  miles 

16  miles 

20  miles 

25  miles «. 

Fig.  27  shows  the  number  of  strokes  per  minute  for  different  wind 
velocities.     This  is  a  lightly  loaded  mill,  working  direct  stroke.     It 


veijOcity  ov  wind  in  miles  per  hour. 

10  15  20  %  80 


s 


Fio.  27.— Comparative  diagram  showing  results  with  mills  No.  38  (10-foot  wooden  Woodmanse) 

and  No.  48  (80-foot  wooden  Halliday). 

starts  in  a  5-mile  wind ;  the  number  of  strokes  increases  very  rapidly 
at  first,  and  more  slowly  for  high  velocities.  In  a  30-mile  wind  the 
number  of  strokes  per  minute  is  50.  The  circumference  velocity 
of  this  wheel  in  a  25-mile  wind  is  24  feet  per  second. 

MiU  No.  89, — This  is  a  10-foot  Woodmanse  direct-stroke  iron  pump- 
ing mill,  used  to  pump  water  for  stock.  The  tower  is  of  iron,  35  feet 
to  the  axis  of  the  wheel.  The  wind  wheel  has  18  curved  sails,  each  30 
by  12^  by  7f  inches,  set  at  an  angle  of  40°  to  the  plane  of  the  wheel. 
The  pump  is  on  a  well  point  24  feet  below  the  surface  of  the  ground. 
It  has  a  stroke  of  6  inches,  a  3i-inch  cylinder,  and  l^-inch  suction 
and  discharge  pii)es.  The  lift  was  about  27  feet,  the  discharge  per 
stroke  1  quart.     The  results  of  the  tests  are  as  follows: 


MUSPHT.] 


PUMPING   MILLS   TESTED. 


57 


Results  of  tests  of  miil  No.  SS—lO-foot  iron  Woodmanse. 
[Load  per  stroke, 36  foot-pounds.] 


Wind  velocity  per  honr. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Oftllons 

pumped  per 

minute. 

Useful  horse- 
power. 

0.017 
0.034 
0.044 
0.052 

8  miles 

15 
80 
40 

47 

15 
80 
40 

47 

8.7 

7.5 

10.0 

11.7 

12  milAH 

16  miles 

20  miles 

Mm  No.  40. — ^This  is  an  8-foot  steel  pumping  mill  manufactured  by 
Fairbanks,  Morse  A  Company.  It  is  used  to  pump  water  for  stock.  It 
is  on  a  30-foot  steel  tower.  The  wind  wheel  has  18  curved  sails,  each 
29  by  1(H^  by  5  inches,  set  at  an  angle  of  29°  to  the  plane  of  the  wheel. 
It  is  back-geared,  2^  to  1.  The  pump  is  on  a  well  point  20  feet  below 
the  surface  of  the  ground.  It  has  a  stroke  of  6  inches,  a  Si-inch 
cylinder,  and  l^-inch  suction  and  discharge  pipes.  The  lift  was  about 
22  feet,  and  the  discharge  per  stroke  ^  gallon.  The  results  of  the  tests 
are  as  follows: 

Results  of  tests  of  miil  No,  40 — S-foot  Fairbanks-Morse  steel  mUL 

[Load  per  stroke,  13  foot-pounds.] 


Wind  velocity  per  hour. 

Bevolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  hotae- 
power. 

8  miles 

82.5 
55.0 
72.0 
85.0 

13.0 
22.0 
29.0 
34.0 

0.8 
1.5 
1.9 
2.8 

0.005 
0.009 
0.012 
0.014 

12niilM 

16  miles ,  . . 

90  ipilw    ,      ... 

MiU  No.  J^, — ^This  is  a  12-foot  Woodmanse  direct-stroke  iron  pump- 
ing mill,  used  for  pumping  water  for  stock.  The  tower  is  of  iron,  30 
feet  to  the  axis  of  the  wheel.  The  pump  has  a  3-inch  cylinder  and  6 
inches  stroke.  The  wind  wheel  has  24  curved  sails,  each  36  by  14^  by 
7|  inches,  set  at  an  angle  of  39''  to  the  plane  of  the  wheel.  The  lift 
was  28  feet,  and  the  discharge  per  stroke  i  gallon.  The  results  of  the 
tests  are  as  follows: 

Besults  of  tests  of  miU  No,  41 — IB-foot  iron  Woodmanse, 
[Load  per  stroke,  28  foot-pounds.] 


Wind  velocity  per  honr. 

Revolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Gallons 

pumped  per 

minute. 

Useful  horse- 
power. 

8  miles 

14 
25 
88 
40 

14 
25 
88 
40 

1.7 
8.1 
4.1 
5.0 

0.012 
0.022 
0.029 
0.086 

12  miles 

16  miles 

20  miles 
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Mill  No.  If2. — This  is  a  C-foot  Ideal  pumpiug  mill  on  h  22-foot  Hteel 
tower,  ami  is  used  for  pumping  wat«r  for  stock.  It  is  shown  in  PI. 
XIII.  The  wheel  has  12  curved  sails,  each  26  by  14^  by  5  inches,  set 
at  an  angle  of  39°  to  the  plane  of  the  wheel.  It  is  baek-geared,  4tol. 
The  well  is  a  dug  well;  depth  to  water,  ISfeet.  The  pump  has  a  3-inch 
cylinder  and  f!  inches  stroke.  The  lift  was  IC  feet,  the  discharge  per 
stroke  1  <iuart.  The  results  of  the  t'Osts  are  as  follows: 
RemlU  of  tealu  of  mill  No.  4J—(!-fo<it  Ideal. 
(Load  per  ntroke.  3(1  root-pauDdH.] 


Wind  velocity  per  hour. 

ofwiadwbeel, 

iDlnute. 

-Sr'T' 

16    , 

.■>3 

76 

4 
13 
19 
23 

! 

O.OM 
0.014 
0.030 


Fiu.  a*,— View  of 


l»-10-tuot  P^rliiDi 


This  is  the  smallest  mill  yet  tested.  It  is  rather  heavily  loaded  for 
its  size;  in  fact,  it  is  more  heavily  loaded  than  the  12-foot  mill  No. 
41.     It  ia  doing  very  good  work  for  a  mill  of  its  size. 
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Mill  No,  ItS, — This  is  a  10-foot  Perkins  direct-stroke  pumping  mill 
on  a  32-foot  steel  tower,  and  is  used  to  pump  water  for  stock.  The 
working  parts  are  shown  in  fi%,  28.  The  wind  wheel  has  30  curved 
sails,  each  30  by  10^  by  5  inches,  set  at  an  angle  of  29°  to  the  plane 
of  the  wheel.  The  pump  is  on  a  well  point  34  feet  below  the  surface 
of  the  ground.  It  has  a  3-inch  cylinder  and  4  inches  stroke.  The 
lift  was  about  36  feet,  the  discharge  per  stroke  \  quart.  The  exposure 
was  not  good.     The  results  of  the  tests  are  as  follows: 


Bestdts  of  t&ftH  of  mill  No,  J^^lO-foot  Perkins. 
[Load  per  stroke,  37  fooi-ponnds.] 


Wind  velocity  per  honr. 

Reyolntions 

of  wind  wheel 

per  minnte. 

8  milflB 

20 

12  miles 

82 

16  miles 

90  mileft  . . , 

41 
45 

StrokeA  of 

pnmp  per 

minnte. 


20 
32 
41 
45 


Gallons 

pnmped  per 

minnte. 


2.5 
4.0 
5.1 
5.6 


Usef  nl  horse- 
power. 


0.022 
0.035 
0.045 
0.050 


MiU  No,  JfB, — This  is  a  10-foot  Eclipse  direct-stroke  pumping  mill 
used  to  pump  water  for  stock.  The  tower  is  of  wood,  40  feet  to  the 
axis  of  the  wheel.  The  wind  wheel  has  84  plane  sails,  each  36^  by  4  by 
1^  inches,  set  at  an  angle  of  35°  to  the  plane  of  the  wheel.  The  well 
is  a  dug  well;  depth  to  water,  12  feet.  The  pump  has  a  stroke  of  6 
inches,  a  3-inch  cylinder,  and  l^-inch  suction  and  discharge  pipes. 
The  lift  was  14  feet,  and  the  discharge  per  stroke  0.62  quart.  The 
results  of  the  tests  are  as  follows: 


Besults  of  tests  ofmtU  No,  4^ — 10-foot  wooden  Eclipse. 
[Load  per  stroke,  18  foot-ponndM.] 


Wind  velocity  per  honr. 

Bevolntions 

of  wind  wheel 

per  minnte. 

Strokes  of 

pnmp  per 

minnte. 

Qallons 

pnmped  per 

minnte. 

Useful  horse- 
power. 

SmileB 

18 
28 
82 
35 
88 

18 
28 
32 
85 
88 

2.8 
4.3 
5.0 

0.010 
0.014 
0.016 

12milee 

1 6  mil6fl ,. 

20  miles 

25mlle8 

5.4 
5.9 

0.018 
0.019 

MiU  No,  46. — This  is  a  10-foot  Cornell  direct-stroke  wooden  mill 
manufactured  at  Louisville,  Kentucky,  and  is  used  to  pump  water 
for  stock.  The  tower  is  of  wood,  30  feet  to  the  axis  of  the  wheel.  The 
wind  wheel  has  90  plane  sails,  each  36  by  4^  by  1^  inches,  set  at  an 
angle  of  47°  to  the  plane  of  the  wheel.  The  well  is  a  dug  well;  the 
water  is  only  about  3  feet  below  the  surface  of  the  ground.  The 
pump  has  a  3^inch  cylinder  and  4  inches  stroke.     The  discharge 
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per  stroke  was  1  pint  wlien  pumping  rapidly.     The  lift  was  5f  feet. 
The  results  of  the  tests  are  as  follows: 

Results  of  testa  of  mill  No.  4^ — 10-foot  wooden  Cornell, 
[Load  per  stroke,  6  foot-ponndB.] 


Wind  velocity  i)er  hour. 

Reyolntions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Oallons 

pumped  per 

minnte. 

Useful  horse- 
power. 

8  miles  

16 
25 
36 
42 
48 
52 

16 
25 
86 
42 

48 
52 

2.0 
8.1 
4.5 
5.2 
6.0 
6.5 

0.003 
0.004 
0.006 
0.007 
0.007 
0.008 

12miles 

16  miles 

20milee 

25  miles 

30  miles 

1 

Mill  No.  4.7, — This  is  a  10-foot  Dempster  steel  mill,  like  that  shown 
in  PI.  XII,  on  a  40-foot  steel  tower.  The  wind  wheel  has  24  curved 
sails,  each  30^  by  13^  by  ^  inches,  set  at  an  angle  of  29°  to  the  plane 
of  the  wheel.  The  pump  is  back-geared,  2J  to  1,  and  has  a  3-inch 
cylinder  and  7  inches  stroke.  The  well  is  open,  20i  feet  to  water,  and 
situated  under  the  porch  of  a  house.  The  mill  is  located  76  feet  from 
the  well.  The  cylinder  is  directly  under  the  mill,  in  a  chamber  4  feet 
by  4  feet,  and  6  feet  deep.  The  lower  end  of  the  cylinder  was  about 
12  feet  vertically  above  the  surface  of  the  water  in  the  well.  The 
discharge  per  stroke  was  1  quart  when  pumping  rapidly.  The  lift 
was  about  18  feet.  The  wind  wheel  of  this  mill  is  not  well  balanced, 
and  the  spring  which  holds  it  in  the  wind  is  not  stiff  enough.  The 
results  of  the  tests  are  as  follows: 

MestUts  of  tests  of  mill  No.  47 — 10-foot  steel  Dempster, 
[Load  per  stroke,  87  foot-pounds.] 


1 

Wind  velocity  per  hour. 

BeTolutions 

of  wind  wheel 

per  minute. 

Strokes  of 

pump  per 

minute. 

Qallons 

pumped  per 

minute. 

Useful  horse- 
power. 

8  miles 

87 
66 
89 
95 
0 

18 
28 
31 
83 

0 

3.2 
5.7 

7.8 

8.3 

0 

1 

0.014 
0.026 
0.035 
0.087 
0.000 

12  miles 

16  miles 

20  milep 

25  miles 

A  diagram  which  was  platted  for  this  mill  shows  that  the  curve 
drops  at  about  19  miles  an  hour,  and  reaches  the  axis  line  at  24  miles. 
Above  24  miles  an  hour  the  wheel  is  entirely  out  of  the  wind  and  does 
no  work.  On  this  diagram  was  also  platted  the  number  of  strokes 
per  minute  of  the  8-foot  Dempster  (No.  35),  to  show  the  effect  of  the 
different  loads  upon  the  number  of  strokes  per  minute.  The  8-foot, 
mill  was  found  to  be  carrying  more  than  three  times  the  load  that  the 
10-foot  mill  was  carrying. 
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Mill  No.  JfS, — ^This  is  a  30-foot  Halliday  wooden  pumping  mill  on  a 
70-foot  wooden  tower.  It  is  owned  by  the  city  of  Valley  Falls,  Kansas, 
and  is  used  to  pump  water  for  the  city  supply.  The  mill  and  tower 
are  shown  in  PL  XIV.  The  sail  area  is  arranged  in  two  concentric 
rings.  In  the  outer  ring  there  are  192  sails,  in  the  inner  ring  144 
sails,  each  43  by  4^  by  3^  inches,  set  at  an  angle  of  25°  to  the  plane  of 
the  wheel.  There  are  two  wells;  one  (11  feet  in  diameter)  directly 
under  the  mill,  and  another  (10  feet  in  diameter)  near  the  bank  of 
the  river  375  feet  from  the  mill.  A  3-inch  suction  pipe  connects  the 
wells,  and  a  3-inch  supply  pipe  leads  from  the  lower  well  to  the  river. 
The  pump  is  double-acting,  and  has  a  4-inch  cylinder  and  11  inches 
stroke.  The  water  is  pumped  directly  into  the  distribution  pipes, 
also  into  an  elevated  tank.  The  tank  is  of  wood,  20  feet  by  30  feet, 
and  is  5,570  feet  distant  from  the  mill.  Of  the  connecting  pipe,  50 
feet  is  3  inches  in  diameter,  1,200  feet  is  4  inches  in  diameter,  and 
4,300  feet  is  6  inches  in  diameter.  The  bottom  of  the  tank  is  111  feet 
above  the  well  platform.  The  lift  or  head  at  any  time  is,  then,  the 
distance  from  the  well  to  the  well  platform  and  111  feet  plus  the 
amount  registered  on  the  gage  on  the  tank.  The  mean  lift  when 
the  test  was  made  was  135  feet.  The  cylinder  capacity  is  2.4  quarts, 
the  measured  discharge  per  double  stroke  4.5  quarts.  The  mean 
temperature  was  90°  F.,  the  mean  barometric  pressure  28.9  inches. 
The  results  of  the  tests  are  as  follows: 


Sesults  of  tests  of  mill  No,  4S— ^0-foot  wooden  Halliday, 
[Load  i>er  stroke,  1,265  foot-pounds.] 


Wind  velocity  per  honr. 


Smiles 
12  miles 
16  miles 
20  miles 
25  miles 


Revolutions 

of  wind  wheel 

per  minnte. 


6 
15 
30 
24 

28 


Strokes  of 

pump  per 

minute. 


Gallons 
ped  pi 
mate. 


pumped  per 
mlnn 


6 
15 
20 
24 
28 


6.7 
16.9 
22.5 
27.0 
31.5 


Useful  horse- 
power. 


0.28 
0.58 
0.77 
0.02 
1.07 


This  windmill  and  pump  had  been  in  use  about  ten  years.  It  fur- 
■nishes  enough  water  during  nine  months  in  the  year,  but  during  the 
months  of  July  and  August  and  part  of  June  and  September  a  steam 
engine  is  at  times  employed  to  work  the  pump.  The  cost  of  repairs 
to  the  mill  and  pump  has  been  from  $50  to  $60  a  year.  The  number 
of  strokes  per  minute  for  different  wind  velocities  is  shown  in  fig.  27. 

This  is  the  largest  windmill  pumping  outfit  that  we  have  tested. 
It  is  interesting  to  compare  its  power  with  that  of  the  smaller  wooden 
mills  and  with  that  of  the  steel  mills. 

MUL  No.  51. — ^This  is  an  8-foot  Monitor  steel  pumping  mill  on  a  30- 
foot  steel  tower  (see  fig.  29).  The  wind  wheel  has  18  curved  sails, 
each  31^  by  13  by  5  inches,  set  at  an  angle  of  35°  with  the  plane  of 
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Ihe  wheel.  The  well  ia  &  Ang  wel\;  depth  tu  water,  18^  feet.  The 
water  is  used  for  stock.  The  pump  has  a  3-ineh  cylinder,  6  inches 
stroke,  and  l^iach  suction  and  discharge  pipes.  The  cylinder  is  1 
foot  above  the  lower  end  of  the  suction  pipe,  and  is  always  under 
water,     A  peculiarity  of  this  mill  is  that  the  downstroke  of  the  pump 


Pio.  ISl— WorUng  |«rta  of  mtll  Ko.  SI— 8-foot  Honltor. 

is  made  in  less  time  than  the  upstroke.  The  mill  is  ba<;k-geare<l, 
;(5  to  13,  i;}  of  the  cogs  being  passed  over  on  the  downstroke  and  •2-2 
on  the  upstroke.  This  arrangement  makes  the  mill  run  easily  and 
prolongs  its  usefulness.  The  wind  wheel  is  held  in  the  wind  by  the 
weight  of  the  tail;  there  is  no  spring.  The  lift  was  L'5  feet,  the  discharge 
per  stroke  0.7  quart.*    The  mean  temperature  was  84°  F.,  the  mean 
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barometric  pressnre  27.8  inches.     The  results  of  the  tests  are  as  fol- 
lows: 

BemUts  of  testa  of  mill  No»  SI — S-foot  steel  Monitor, 

[Load  per  stroke,  aR.6  foot-pounds.] 


Wind  velocity  per  hour. 


Smiles 
12  miles 
16  miles 
20  miles 


Revolntions 

of  wind  wheel 

I>er  minute. 


37 

56 
SI 
91 


Strokes  of 

pamp  per 

minute. 


10 
21 
80 
34 


Qallons 

pumped  per 

minute. 


1.7 
8.7 
5.2 
6.0 


Useful  horse- 
power. 


0.011 
0.028 
0.034 
0.087 


When  the  mill  was  running  uncoupled  from  the  pump,  the  pump 
rod  made  24  strokes  per  minute  in  a  12-mile  wind,  i.  e.,  the  pump 
load  of  36.5  foot-pounds  i)er  stroke  reduced  the  number  of  the  strokes 
of  the  pump  rod  from  24  to  21. 

For  the  purpose  of  ready  comparison  the  principal  results  of  these 
tests  of  pumping  mills  have  been  tabulated.     (See  table  on  p.  64.) 

DISCUSSION   OF  RESULTS   OF   TESTS. 

In  this  discussion  of  the  results  of  the  tests  of  these  pumping  mills 
we  wish  to  call  attention  to  the  principal  facts  shown  by  them.  The 
explanation  of  some  of  the  points  is  not  easy.  The  useful  work  which 
a  windmill  will  do  at  a  given  wind  velocity  depends  on  several  factors, 
and  it  is  difficult  to  measure  or  even  estimate  the  value  of  each.  If 
the  miUs  could  be  tested  under  conditions  easily  controlled  by  the 
experimenter,  the  problem  would  be  greatly  simplified ;  but  each  mill 
is  tested  under  its  own  conditions  of  pump,  well,  wind  exposure,  and 
atmosphere.  A  comparison  of  the  results  of  the  tests  of  pumping 
mills  with  the  results  of  the  tests  of  power  mills  throws  much  light  on 
some  of  the  facts  (see  Part  II,  pages  107  to  109,  inclusive).  A. fact 
very  evident  from  the  following  table  is  that  the  useful  work  done 
by  windmills  in  pumping  water  is  small.  Only  one  mill,  the  largest 
(No.  48),  is  doing  1  horsepower  of  useful  work  in  a  25-mile  wind. 
The  best  12-foot  mill  is  doing  less  than  0.G4  horsepower  and  the  best 
8-foot  mill  less  than  0.12  horsepower  in  a  25-mile  wind. 
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From  the  foregoing  table  it  will  be  seen  that  mills  of  the  same  size 
differ  very  much  in  the  amount  of  useful  work,  and  that  some  of  the 
larger  mills  are  doing  very  little  more  work  than  some  of  the  smaller 
ones.  Nos.  4  and  18,  for  example,  are  the  same  size  and  make  (the 
wells,  however,  are  very  different),  but  the  latter  is  doing  three  or 
four  times  more  work  than  the  former.  The  12-foot  mill,  No.  11,  is 
doing  nearly  as  much  useful  work  as  the  16-foot  mill.  No.  9,  and  three 
or  four  times  more  work  than  the  14-foot  mill,  No.  12,  while  it  is  doing 
300  per  cent  more  work  than  No.  21.  The  15^-foot  Jumbo  will  prob- 
ably do  little  more  work  during  the  season  than  a  good  8-foot  mill. 

RELATION  BSTWEBN  WIND  VELOCITY  AND  STROKES  OF  PUMP. 

Figs.  6,  10,  11,  12,  13,  15,  17,  18,  19,  and  21  show  graphically  the 
relation  between  the  wind  velocity  (in  miles  per  hour)  and  the  strokes 
of  the  pump.  The  curves,  as  will  be  noted,  differ  considerably;  but 
with  the  exception  of  fig.  19,  for  mill  No.  20,  they  agree  in  that  they 
rise  rapidly,  reaching  the  highest  point  at  wind  velocities  of  from  13 
to  19  miles.  From  that  point  they  descend  slowly.  They  differ  much 
in  the  position  of  the  beginning  of  the  curve,  or  the  velocity  required 
to  start  the  mill.  Some  will  run  in  an  8-mile  wind,  while  others  require 
a  10-mile  or  a  12-mile  wind  to  start  them.  Some  rise  less  rapidly  than 
others,  a  notable  case  being  mill  No.  11.  Some  descend  much  more 
rapidly  than  others  after  reaching  the  highest  point.  This  is  especially 
true  of  the  8-foot  Ideals.  Mill  No.  20  required  a  14-mile  wind  to  start 
it,  and  does  not  appear  to  have  a  maximum.  The  shape  of  the  curve, 
especially  the  position  of  its  initial  point,  is  due  to  the  load  on  the 
pump,  or  the  number  of  foot-pounds  per  stroke.  An  inci-ease  in  the 
load  moves  the  curve  to  the  right  and  raises  it  higher.  This  will  be 
more  clearly  shown  in  Part  II  (see  discussion  on  12-foot  power  mill  No. 
27,  pp.  86-89).  The  height  and  position  of  the  highest  point  depend 
on  the  tension  of  the  spring,  or  the  weight  which  holds  the  mill  in  the 
wind.  The  greater  the  tension  the  higher  the  summit  and  the  farther 
it  is  to  the  right;  the  less  the  tension  in  the  spring  the  steeper  the 
descent  from  the  highest  point.  The  gearing— i.  e.,  the  mechanism 
which  causes  the  pump  to  make  a  stroke  to  each  revolution  of  the 
wheel,  or  a  stroke  every  second  or  third  revolution  only — modifies  the 
curve.  In  mills  with  a  direct  stroke  the  curve  is  much  higher  and 
is  farther  to  the  right  than  in  back-geared  mills,  as  shown  by  a  com- 
parison of  the  curves  of  mills  Nos.  3  and  21,  shown  in  figs.  10  and  21. 

USEFUL  WORK  OF  PUMPING  MILLS. 

The  relation  between  wind  velocity  and  horsepower  is  shown  graph- 
ically, for  five  12-foot  mills  in  fig.  30,  and  for  four  8-foot  mills  in  fig. 
31.  Examining  the  five  curves  of  fig.  30,  we  see  that  No.  11,  the  one 
which  gives  the  greatest  horsepower,  has  the  heaviest  load  and 
requires  the  greatest  wind  velocity  to  start  it.  No.  2  has  about 
IBB  41—01 5 
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five-eighths  of  the  load  of  No.  11,  does  less  work,  and  requires  about 
the  same  wind  velocity  to  start  it.  No.  3  has  a  lighter  load  than  No. 
2,  and  will  start  in  a  wind  of  about  7  miles  an  hour.  No.  19  has  a 
little  heavier  load  than  No.  3,  and  does  much  less  work  at  all  veloci- 
ties. The  latter  requires  a  9-mile  or  a  10-mile  wind  to  start  it,  while 
the  former  will  start  in  a  7-mile  or  an  8-mile  wind.  No.  21  is  doing 
the  least  work  of  the  five,  and  requires  about  an  11-mile  wind  to  start 
it.  It  is  a  wooden  mill  working  direct  stroke,  while  the  others  are 
steel  mills  and  back-geared.    * 


10 


VELOCITY  OF  WIND  IN  MILES  PEK  HOUR. 
15  20 


Fi(i.  .30. 'Diagram  showing  relation  between  horHepower  and  wind  velocity  for  five  l^foot  mlUa. 


It  must  be  understood  that  in  this  comparison  no  correction  or 
allowance  is  made  for  the  difference  in  temperature  and  barometric 
pressure,  nor  for  the  fact  that  in  the  case  of  Nos.  11  and  19  the  Dumj^ 
are  on  well  points,  while  in  the  othera  they  are  in  open  wells. 

It  will  be  seen  that  none  of  the  curves  in  ^g.  30  reach  a  maximum 
below  30  miles  an  hour.  They  do,  however,  for  some  higher  veloci- 
ties, since  the  work  per  stroke  of  j^ump  is  nearly  constant  for  each 
pump  for  all  velocities,  though  not  the  same  for  one  pump  as  for 
another.  The  curves  also  give  the  relation  between  wind  velocity  and 
the  number  of  strokes  of  pump  per  minute. 

Ill  fig.  31  the  curve  for  No.  18  is  seen  to  reach  a  maximum  at  about 
2o  miles  an  hour.     The  others  reach  their  maximum  points  at  veloci- 
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ties  of  about  30  miles  an  hour.  These  maximum  points  are  points  of 
greatest  speed,  and  are  produced  by  a  reduction  of  wind  area,  the  wind 
wheel  turning  out  of  the  wind.  This  make  of  mill  is  seen  to  **  gov- 
ern," or  turn  out  of  the  wind,  at  a  lower  velocity  than  other  makes. 

Comparing  the  curves  in  fig.  31,  we  see  that  the  pump  doing  the 
most  work  at  high  wind  velocities  is  No.  5,  which  is  also  the  one 
most  heavily  loaded.  The  principal  differences  between  Nos.  4  and 
18,  the  pumps  doing  the  most  and  the  least  work  for  velocities  less 
than  22  miles  an  hour,  are  in  the  load  and  the  well.  No.  4  has  five- 
ninths  of  the  load  of  No.  18,  and  is  on  a  well  point.  The  two  pumps 
doing  the  least  work  are  on  well  points. 


VELK>CITY  OF  WIND  IN  MILES  PER  HOUR. 

15  aO  25 


Fig.  31.— Diagram   Bhowlng  relatloii  between  horsepower  aod  wind  velocity  for  four  8-foot 

mills. 


Mill  No.  26  is  used  to  pump  water  for  stock.  Comparing  it  with, 
say,  No.  5,  we  find  that  its  load  is  about  five-ninths  as  great,  and  that 
it  is  doing  about  one-tenth  as  much  work  as  the  latter.  It  will  start 
with  a  wind  velocity  of  about  6  miles  an  hour,  while  the  latter  requires 
a  wind  velocity  of  about  8.5  miles  an  hour. 

It  is  interesting  to  compare  the  results  of  Nos.  36  and  36.  The 
former  is  an  8-foot  back-geared  steel  mill,  heavily  loaded;  the  latter  is 
a  22.5-foot  direct-stroke  mill,  lightly  loaded.  The  wind  exposure  of 
both  is  very  good.  The  discharge  per  stroke  of  No.  35  is  1.1  quarts, 
that  of  No.  36  about  3  quarts.  The  lift  of  the  former  is  58  feet,  the  lift 
of  the  latter  39  feet.  The  load  per  stroke  of  the  former  is  133  foot- 
pounds, that  of  the  latter  248  foot-pounds.     No.  35  starts  in  about  a 
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9-mile  wind,  No.  36  in  a  6-mile  wind.  In  an  8-mile  wind  the  former 
is  doing  no  work,  the  latter  is  making  4.8  strokes  per  minute;  but  in 
a  12-mile  wind  the  former  is  making  19  strokes  per  minute,  the  latter 
only  12;  for  all  higher  velocities  the  former  is  making  60  per  cent 
more  strokes  than  the  latter.  For  wind  velocities  above  12  miles  an 
hour  the  horsepower  of  the  22. 5- foot  mill  is  only  from  7  to  17  percent 
greater  than  that  of  the  8-foot  mill.  The  difference  is  really  not  so 
great  as  this,  as  the  actual  discharge  is  not  so  great  as  we  have 
supposed. 

PRESSURE-TANK  SYSTEM. 

Mill  No.  37  is  of  special  interest,  in  that  the  water  is  forced  into  a 
pressure  tank  instead  of  into  an  elevated  tank.  This  system  is  said 
to  be  in  use  to  some  extent  in  the  Eastern  States,  and  is  just  coming 
into  use  in  the  West.  The  advantage  claimed  for  it  is  that  the  tank 
can  be  placed  in  a  cellar  or  under  ground,  where  it  will  not  freeze, 
instead  of  on  an  elevated  structure.  A  hydraulic  regulator  is  used, 
which  causes  the  mill  to  turn  out  of  the  wind  when  the  pressure  in 
the  tank  reaches  a  certain  amount.  In  this  case  the  tank,  which  is 
located  in  a  cellar,  is  2  feet  in  diameter  and  9.5  feet  long;  it  is  about 
170  feet  from  the  well  and  about  43  feet  above  the  surface  of  the 
water  in  the  well.  The  discharge  (l.Oo  quarts  per  stroke)  is  pumped 
into  the  tank,  then  forced  by  the  confined  air  through  a  1-inch  iron 
pipe  to  the  hydrants,  then  through  a  line  of  rubber  hose  to  the  desired 
point.  The  pressure  in  the  tank  diminishes  with  the  reduction  in  the 
quantity  of  water  in  it.     For  different  volumes  of  air  it  is  as  follows: 

Pressures  in  tank  for  different  xKdumes  of  air. 


Air  volume. 

1 
Pressare. 

Barrels. 

11.1 

5.6 

3.7 

Pounds. 
0 

14.7 
29.4 
44.1 
58.8 
78.5 
88.2 
103.0 

2.8 

2.2 

1.9 

1.6 

1.4 

The  objection  to  this  system  can  easily  be  seen  from  this  table. 
When  the  pressure  is  103  pounds  per  square  inch  the  withdrawal 
of  0.2  barrel  of  water  from  the  tank  lowers  the  pressure  to  88.2 
pounds,  and  the  withdrawal  of  an  additional  0.3  barrel  lowers  the 
pressure  to  73.5  pounds;  in  other  words,  the  withdrawal  of  a  half  bar- 
rel of  water  when  the  pressure  is  103  pounds  lowers  the  pressure  30 
pounds.  We  found,  on  trial,  that  when  the  pump  was  not  working 
(no  wind),  and  the  pressure  was  at  59  pounds,  one  hose  stream  through 
a  ^-inch  nozzle  reduced  the  pressure  to  50  pounds  in  one  minute  and 
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to  45  pounds  in  two  minutes.  In  seven  minutes  it  fell  to  30  pounds, 
and  in  seventeen  minutes  from  the  time  of  ox>ening  the  cock  it  fell  to 
20  pounds.  In  a  20-mile  to  30-mile  wind,  and  with  one  hose  stream 
running,  the  pump  kept  the  pressure  in  the  tank  at  about  30  pounds. 
Where  only  a  small  amount  of  water  is  needed  at  a  time  this  system 
will  probably  give  satisfaction.  By  the  use  of  a  larger  tank  more 
water  can  be  obtained  for  a  given  reduction  of  pressure. 

It  will  be  noticed  that  this  is  the  same  size  and  make  of  mill  as  No. 
2,  but  that  it  is  altogether  different  from  No.  41,  No.  2  is  more  heavily 
loaded  than  No.  37.  The  heaviest  load  on  No.  37  is  472  foot-pounds 
per  stroke  of  pump;  the  heaviest  load  on  No.  2  is  536  foot-pounds  per 
stroke.  No.  2  is  doing  the  most  useful  work,  but  the  hydraulic  regu- 
lator acts  on  No.  37  to  turn  it  partly  out  of  the  wind  for  the  load  43 
plus  75  pounds.  No.  41  is  doing  very  little  work,  but  it  is  lightly 
loaded  and  working  direct  stroke. 

COMPARISON  OF  THREE   PUMPINO  AERMOTORS. 

Comparing  the  16-foot  Aermotor  No.  9,  the  12-foot  Aermotor  No.  3, 
and  the  8-foot  Aermotor  No.  5,  a  diagram  was  plotted  of  the  horse- 
power of  these  three  mills,  drawn  to  the  same  scale.  They  were  found 
to  start  at  about  the  same  wind  velocity,  \iz,  7  miles  an  hour,  which 
indicates  about  the  same  total  load.  In  a  25-mile  wind  the  8-foot 
mill  was  found  to  be  yielding  0.1  horsepower,  the  12-foot  mill  0.29 
horsepower,  and  the  16-foot  mill  0.6  horsepower.  In  other  words, 
the  12-foot  mill  was  doing  about  three  times  and  the  16-foot  mill 
about  six  times  more  work  than  the  8-foot  mill.  The  conclusion  can 
not  be  drawn  from  this  that  the  powers  of  the  mills  are  to  each  other 
in  these  ratios,  since  the  pump  efficiencies  are  not  the  same. 

USEFUL  WORK  OF  TWO   PUMPING  MILLS   IN  A  GIVEN  TIME. 

The  useful  work  which  two  pumping  mills  of  the  same  wind  area, 
exposure,  pump  efficiency,  and  general  character  will  do  depends 
on  the  load  on  the  mill  and  the  wind  velocity.  If  the  mill  is  heavily 
loaded  it  will  do  more  work  at  wind  velocities  of  12  or  more  miles 
an  hour  and  less  work  at  lower  velocities  than  one  of  lighter  load. 
The  useful  work  done  in  a  given  time  is  the  product  of  the  work 
done  per  hour  at  the  mean  velocity  multiplied  by  the  number  of 
hours.  If  the  mean  velocity  at  a  given  place  is  low,  the  mill  load 
must  be  less  for  maximum  work  than  that  at  a  place  where  the  mean 
velocity  is  higher.  To  illustrate  this  fact,  we  will  use  the  results  of 
the  tests  of  two  12-foot  pumping  mills — No.  11,  heavily  loaded  and 
giving  a  greater  horsepower  at  high  wind  velocities  than  any  other 
mill  tested,  and  No.  3,  giving  the  greatest  power  at  low  velocities. 
The  useful  work  per  stroke  of  pump  is  844  foot-pounds  for  No.  11 
and  415  foot-pounds  for  No.  3.  The  useless  work  of  the  former  is 
greater  than  that  of  the  latter,  since  the  pump  of  the  former  is  on 
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two  well  points,  while  the  pump  of  the  latter  is  in  an  open  well.  The 
relation  between  the  horsepower  and  the  wind  velocity  is  shown  in 
fig.  30.  The  curves  are  seen  to  cross  each  other  at  a  wind  velocity  of 
12.5  miles  an  hour.  For  less  velocities  than  that  No.  3  is  doing  more 
work  per  hour  than  No.  11,  and  for  greater  velocities  No.  11  is  doing 
more  work  than  No.  3.  If  the  velocity  were,  say,  not  more  than  13 
miles  an  hour,  it  is  very  evident  that  mill  No.  3  would  do  more  work 
in  a  given  time  than  mill  No.  11. 

There  is  no  record  of  wind  movement  at  Garden,  Kansas  (where  most 
of  these  tests  of  pumping  mills  were  made),  for  any  considerable  length 
of  time.  There  is  one,  however,  for  Dodge,  50  miles  east  of  Garden, 
kept  by  the  United  States  Weather  Bureau,  which  may  be  used  for 
this  purpose.  The  following  t^ble  gives  the  number  of  hours  per 
month  for  the  six  months  April  to  September,  for  the  years  1889  to 
1896,  inclusive,  when  the  wind  movement  was,  respectively,  0  to  5, 6  to 
10,  11  to  15,  16  to  20,  21  to  25,  26  to  30,  31  and  more  miles  per  hour. 

Mean  toind  Tnovement  at  Dodge,  Kansas,  for  the  seven  years  1889  to  i895. 


Month. 

miles. 

6-10 
miles. 

11-15 
miles. 

16-20 
miles. 

21-85 
miles. 

,28-30 
miles. 

31  and 
greater. 

April   

May 

Hours. 
116 
116 
120 
144 
178 
166 

Hours. 
175 
195 
187 
218 
230 
182 

Hours. 
157 
168 
189 
176 
152 
152 

Hours. 
113 
120 
111 
117 
99 
98 

Hours. 
76 
74 
86 
57 
62 
75 

Hours. 
48 
89 
49 
23 
18 
84 

Hours. 
40 
82 
28 
9 
5 
18 

June 

July 

August 

September... 

Mean ... 

140 

198 

157 

109 

72 

84 

22 

It  will  be  seen  from  this  table  that  the  wind  velocity  at  Dodge  is  5 
miles  or  less  per  hour  for  140  hours  per  month.  During  this  time 
neither  of  these  mills  (Nos.  3  and  11)  will  do  any  work,  as  neither 
will  start  in  a  5-mile  wind. 

The  velocity  is  from  6  to  10  miles  an  hour  for  198  hours  a  month. 
Mill  No.  3  will  start  in  about  a  7-mile  wind,  and  hence  will  run  about 
four-fifths  of  this  time,  or  158  hours.  No.  11  requires  11.5  miles  of 
wind  to  start  it,  and  will  do  no  work  during  this  time. 

The  velocity  is  11  to  15  miles  an  hour  for  157  hours  during  the  month. 
No.  3  will  work  all  of  this  time,  and  No.  11  about  nine-tenths  of  the 
time,  or  141  hours. 

Both  mills  will  run  at  all  higher  velocities.  At  Dodge,  mill  No.  3 
will  run  (if  in  the  wind)  about  75  per  cent  of  the  time,  and  No.  11 
about  51  per  cent  of  the  time.  For  convenience,  these  results  have 
been  tabulated. 
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Wind  velocities, 
miles  per  hour. 

Mill  No.  3. 

Mill  No.  11. 

Hours  per 
montn. 

Horse- 
power. 

Product. 

Hours  per 
montn. 

Horse- 
power. 

Product. 

6tolO 

11  to  15 

16  to  20 

21  to  25 

26  to  30 

31  and  greater 

Total  .... 

158 

157 

109 

72 

34 

22 

0.067 
0.168 
0.230 
0.277 
0.308 
0.820 

10.6 
26.4 
25.1 
19.9 
10.5 
7.0 

0 

141 

109 

72 

84 

22 

0.00 
0.19 
0.40 
0.56 
0.63 
0.64 

0.0 
26.8 
43.6 
40.3 
21.4 
14.1 



99.5 

146.2 

1 

The  second  and  fifth  columns  in  this  table  give  the  number  of  hours 
during  the  mean  month  that  each  mill  will  run  wath  a  wind  velocity 
of  from  6  to  10  miles  an  hour.  The  third  and  sixth  columns  give  the 
horsei)ower  for  the  mean  velocity;  for  example,  0.168  is  the  horse- 
power for  No.  3  at  a  wind  velocity  of  13  miles  an  hour,  and  0.19  is  the 
horsepower  for  No.  11  at  the  same  velocity.  The  fourth  and  seventh 
columns  (the  product  of  the  number  of  hours  and  the  horsepower) 
give  the  horsepower  that  each  mill  will  yield  during  the  month.  It 
will  be  seen  that  No.  11  is  doing  31  per  cent  more  useful  work  than 
Xo.  3.  If  this  comparison  be  made  for  the  month  of  August,  it  will 
be  found  that  No.  11  will  do  26  per  cent  more  useful  work  during  that 
month  than  No.  3. 

PROPER  LOAD. 

It  will  be  seen  from  what  has  just  preceded,  that  the  useful  power 
9i  a  pumping  mill  depends  to  a  great  extent  on  its  load.  If  the  water 
is  needed  constantly  and  there  is  little  or  no  storage,  as  in  the  case  of 
water  for  stock,  the  mill  must  be  lightly  loaded,  and  the  useful  work 
it  will  do  is  small.  If,  however,  there  is  plenty  of  storage,  the  mill 
will  pump  the  largest  amount  of  water  if  heavily  loaded.  If  there 
were  some  automatic  device  for  increasing  the  load  on  the  mill  as  the 
wind  velocity  increases,  the  problem  of  proper  load  would  be  solved. 
But  such  a  device  seems  difficult  to  construct. 

The  following  table  gives  data  for  back-geai^ed  steel  irrigating  mill 
and  good  pumps  for  use  in  the  semiarid  regions  of  the  West,  especially 
for  Kansas  and  Nebraska. 

Data  regarding  mills  and  pumps  for  use  in  semiarnd  regions. 


Diam- 
eter of 
mill. 

Load 

per 

stroke. 

Quantity 

deliv- 
ered per 
stroke. 

Lift. 

CyUn- 
der  ca- 
pacity. 

Starting 

wind 

velocity 

(per 

hour). 

Speed 
per  min- 
ute in 
20- mile 
wind. 

Dis-           Dis- 
charRe      charge 
per      ,    per  24 
hour.    '  hours. 

Feet. 

8 

13 

16 

126 

600 
1,100 

Quarts. 
2.0 
9.6 
17.6 

• 

Feet. 

ao 

30 
30 

Inches. 
4.5x  8 

8x13 
9x16 

Miles. 

9 

8to9 

7  to  8 

Strokes. 
27 
20 
16 

Oallons.     Aci'c-ft. 
810          0. 059 
2,880          0.212 
4,221          0.311 
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For  half  this  lift,  or  15  feet,  the  cylinder  capacity  should  be  nearly 
doubled,  and  for  double  the  lift  the  cylinder  capacity  should  be  about 
half  that  given  in  the  table. 

In  Part  II  of  this  paper,  published  as  Water-Supply  and  Irrigation 
Paper  No.  42,  will  be  found  a  discussion  of  the  writer's  experiments 
with  power  mills,  a  comparison  of  pumping  mills  with  power  mills,  a 
discussion  of  the  effect  of  tension  of  spring  on  the  horsepower  of 
mills,  a  mathematical  discussion  of  the  tests  of  two  Aermotors,  a  dis> 
cussion  of  the  action  of  air  on  the  sail  of  an  Aermotor,  a  discussion 
of  the  useful  work  of  two  power  mills  in  a  given  time,  discussions  of 
the  results  of  tests  of  a  Jumbo  mill  and  of  a  Little  Giant  mill,  a  com- 
parison of  the  Little  Giant  and  Jumbo  mills,  a  comparison  of  the 
Little  Giant  mill  and  the  8-foot  Aermotor,  a  discussion  of  the  indi- 
cated and  true  velocities  of  windmills,  a  comparison  of  the  writer's 
exi)eriment8  with  those  of  other  experimenters,  and  economic  consid- 
erations. 

[For  index  see  end  of  Part  II,  Water-Supply  Paper  No.  42.] 
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Tl  WINDMILL:  ITS  EFFICIENT'  AND  ECONOMIC  USE 

PART  II. 


By  Edward  Charles  Murphy. 


EXPERIMENTS  BY  WRITER— CONTINUED. 

In  Part  I  of  this  paper,  published  as  Water-Supply  and  Irrigation 
Paper  No.  41,  will  be  .found  a  classification  of  windmills,  a  discussion 
of  regulating  devices,  a  synopsis  of  early  experiments  with  windmills, 
and  a  discussion  of  the  writer's  experiments  with  pumping  mills. 
This  part  (II)  of  the  pai)er  contains  the  results  of  the  writer's  experi- 
ments with  power  mills,  a  comparison  of  pumping  mills  with  power 
mills,  and  discussions  of  various  facts  developed  by  the  tests,  together 
with  a  comparison  of  the  writer's  experiments  with  those  of  other 
experimenters,  and  the  economic  considerations  of  the  subject. 

POWER  MILLS. 

The  power  mill  differs  essentially  from  the  pumping  mill  in  that  the 
latter  gives  a  reciprocating  motion  to  a  pump  piston,  while  the  for- 
mer gives  a  rotary  motion  to  a  vertical  shaft,  and  this,  in  turn,  to  a 
horizontal  shaft,  which  drives  the  grinder  or  other  machine.  The 
mechanism  by  which  this  is  accomplished  in  the  Aermotor  is  shown 
in  figs.  33  and  34.  The  small  plane  cogwheel  makes  three  revolu- 
tions to  one  revolution  of  the  wind  wheel,  and  the  small  beveled  cog- 
wheel makes  two  revolutions  to  one  revolution  of  the  small  plane 
wheel;  so  that  the  vertical  shaft  makes  six  revolutions  to  one  revolu- 
tion of  the  wind  wheel;  or,  as  we  say,  the  shaft  is  geared  forward  6 
to  1.  The  two  beveled  cogwheels  of  the  foot  gear  (fig.  34)  change  the 
motion  around  a  vertical  axis  to  a  motion  around  a  horizontal  axis 
without  changing  the  rate  of  speed.  In  fig.  7,  Part  I,  which  shows 
the  pumping  mill,  it  will  be  seen  that  the  large  cogwheel  which  gives 
the  up-and-down  motion  to  the  piston  makes  one  revolution  to  each  3.3 
revolutions  of  the  wind  wheel,  or  that  the  pump  is  geared  back  3. 3  to  1 ; 
so  that  the  vertical  shaft  of  a  power  mill  makes  twenty  revolutions  to 
one  stroke  of  a  pump  worked  by  a  pumping  mill  the  wind  wheel  of 
which  is  running  at  the  same  rate  as  that  of  the  power  mill.     The 
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term  *'  geared  mill "  is  sometimes  applied  to  power  mills,  but  inappro- 
priately, since  the  pumping  mill  also  is  geared.  The  latter  is  geared 
back,  the  former  is  geared  forward. 

Power  mills  are  heavier  than  pumping  mills.  They  ordinarily  do 
more  work  and  carry  heavier  loads  than  the  latter.  The  load  on  the 
pumping  mill  is  constant  for  all  wind  velocities,  but  it  may  be  varied 
in  the  power  mill.  The  grinder  is  made  so  that  as  the  speed  increases 
the  quantity  of  corn  which  enters  increases,  and  thus  the  load  and 
work  done  are  increased.  The  mill  is  expected  to  do  three  or  four 
kinds  of  work — for  example,  pump  water,  shell  and  grind  corn,  and 
turn  a  grindstone.  In  a  light  wind  the  pump  only  can  be  worked, 
but  as  the  wind  increases  one  after  another  of  the  three  other  machines 
can  be  set  at  work,  and  thus  the  load  be  suited  to  the  velocity  of  the 
wind  and  the  mill  be  made  to  do  the  maximum  amount  of  work.  Power 
mills  are  not  made  smaller  than  12  feet  in  diameter,  for  the  reason 
that  a  small  size  will  not  give  power  enough  to  be  of  account  except 
for  pumping.  The  ordinary  steel  power  mills  are  12  feet,  14  feet,  and 
16  feet  in  diameter. 

The  power  that  a  windmill  is  capable  of  developing  can  be  deter- 
mined better  from  a  power  mill  than  from  a  pumping  mill,  because 
the  efficiency  of  the  pump — which  may  be  anywhere  from  20  to  85  per 
cent — is  eliminated,  and  because  the  load  on  the  mill  can  be  varied  at 
will,  and  thus  the  effect  of  the  load  on  the  power  of  the  mill  be  deter- 
mined for  different  wind  velocities. 

METHOD   OP  TESTING. 

The  power  was  measured  by  the  use  of  a  Prony  friction  brake  placed 
on  an  iron  pulley  on  the  foot  gear  or  horizontal  shaft.  The  brake 
was  of  wood,  atid  had  an  arm  3  or  4  feet  long.  Near  the  end  of  this 
arm  was  fastened  a  spring  balance  reading  to  quarters  of  a  pound. 
By  turning  the  nuts  on  the  brake  the  spring  balance  could  be  made 
to  read  any  desired  amount.  As  the  brake  on  the  pulley  was  tight- 
ened, the  reading  of  the  spring  balance  was  increased  and  the  num- 
ber of  revolutions  of  the  shaft  decreased.  The  brake  is  shown  in  PL 
XV.  The  speed  of  the  shaft  was  found  in  one  of  three  ways — which- 
ever was  most  convenient.  A  small  electric  device  was  used  when- 
ever it  could  conveniently  be  attached  to  the  wind  wheel.  The  clicks 
of  this  instrument  could  easily  be  counted,  and  gave  the  number  of 
revolutions  of  the  wind  wheel  for  each  half  mile  of  wind  movement. 
A  speed  counter  was  used,  but  did  not  prove  satisfactory.  Whenever 
the  electric  device  could  not  conveniently  be  employed,  the  number 
of  revolutions  of  the  wind  wheel  was  found  by  counting  the  revolu- 
tions of  a  mark  on  the  wind  wheel  as  reflected  in  a  mirror  con- 
veniently placed. 

To  illustrate:  If  u  is  the  number  of  revolutions  per  minute  of  the 
brake  pulley  as  found  from  the  revolutions  of  the  wind  wheel  per 
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half  mile  of  wiii<l,  L  the  load  in  pounila  as  read  from  the  spring  biil- 
aoce,  and  R  the  length  of  the  arm,  then  the  useful  work,  in  foot- 
pounds per  minute,  is —  W  =-2x Ru  L,  and  the  horsepower  ia — H.  P. 
=  2  ff  fi  ((  X;  -4-  33,(KJO. 

The  number  of  revolutions  per  miuute  of  wind  wheel  was  found  for 
each  mill  for  from  two  to  six  different  hrake  loads,  for  wind  velocities 
as  small  as  would  keep  the  mill  working  for  the  particular  load  used 
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np  to  about  25  miles  an  hour.  That  is,  the  reading  of  the  spring  bal- 
ance was  kept  as  nearly  constant  as  possible  until  we  had  obtained 
points  and  a  curve  like  that  shown  in  fig.  10.  Then  the  load  was 
changed  and  the  tests  continued  in  the  same  way,  getting  another 
curve.  From  these  curves  the  number  of  revolutions  of  wind  wheel 
per  minute  for  different  loads  and  wind  velocities  was  easily  found, 
as  before  indicated.  These  art'  given  in  the  table  of  result*  for  each 
mill  tested,  and  in  many  ca.ies  are  also  shown  by  diagram.     The  horse- 
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power  of  any  mill  for  different  loads  and  velocities  is  easily  found  by 
the  foregoing  formula.  These  are  given  in  the  tables  of  results  of 
tests,  and  are  also  shown  by  diagrams. 

MILLS  TESTED. 

MUl  No.  26. — This  is  a  l-i-foot  Perkins  steel  power  mill  on  a  40-foot 
steel  tower,  made  by  the  Perkins  Windmill  Company,  of  Mishawaka, 
Indiana.  The  working  parts  are  shown  in  fig.  32.  The  wind  wheel  has 
32  curved  sails,  each  41  by  14.25  by  7.75  inches,  set  at  an  angle  of  31° 
with  the  plane  of  the  wheel.  The  shaft  is  geared  forward  6  to  1. 
The  radius  of  the  brake  pulley  was  5  inches,  the  length  of  brake 
arm  33.5  inches.  This  mill  was  tested  twice.  Between  the  dat«s  of 
testing  some  repairs  were  made  to  the  shafting,  causing  the  cogwheels 
to  bind  less  tightly.  The  following  figures  are  those  obtained  from 
the  second  test.  The  mill  had  been  in  use  only  about  one  year,  and 
showed  very  poor  workmanship.     The  results  of  the  test  are  as  follows : 

Mesults  of  test  of  mill  No,  26 — iJ^-foot  steel  Perkins, 


Load  on 
brake. 

Load 
per 
revolu- 
tion of 

wind 
wheel. 

Number  of  revolations  of  wind 
wheel  per  minute  at  given  wind 
velocities  (perhonr). 

Useful  horsepower  at  given  wind 
velocities  (per  hour). 

1 

a 

00 

1 
1 
3 

1 

16 

1 

31 

i 
1 

1 
1 

00 

1 

3 

1 

i 
1 

25  miles. 

Pounds.    Ft.-Un. 
6             845 

48 

0.313 

0.600 

0.987 

Mill  No,  27. — This  is  a  12-foot  Aermotor  on  a  30-foot  steel  tower. 
The  wind  wheel  is  like  that  of  mill  No.  3  (see  pp.  29  to  30,  Part  I). 
The  horizontal  shaft  is  geared  forward  6  to  1.  Fig.  33  shows  the 
working  parts,  and  fig.  34  the  foot  gear.  The  brake  pully  was  9.5 
inches  in  diameter  and  was  fasticned  to  the  foot  gear  at  a  in  fig.  34. 
The  brake  arm  was  35.25  inches  in  length.  The  mean  temperature 
during  the  test  was  46°  F.,  and  the  mean  barometric  pressure  28.9 
inches.     The  results  of  the  tests  are  as  follows: 


Load  on 
bnike. 


Results  of  tests  of  mill  No,  21! — 13  foot  Aermotor, 


Load 

per 
revolu- 
tion of 

wind 
wheel. 


Poumla.  i 

"I 

7  ' 
4  I 

6  I 


Ft. 


lbs. 

0 

222 

444 


Number  of  revolutions  of 
wind  wheel  per  minute 
at  given  wind  velocities 
(per  hour). 
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i-H 

w^ 
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QO 
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i-H 

30 

4d 

«3 

75 

le 

43 

57 

70 

23 

48 

65 

12 

5<) 

a 


87 
81 
77 
TZ 


Useful  horsepower  at  given  wind  ve- 
locities (per  hour). 


1 

ao 


0.089 


i 

i 

5J 

a 

a 

a 

3 

0.S85 

o.:») 


0.386 
0.653 


a 


0.468 
0.800 
1.03 


i 


0.683 

l.OS 

1.46 


aoBFEv.]  POWEB    MILLS   TESTED.  87 

The  revolutions  of  wind  wheel  per  minute  for  the  four  brake  loads 
0,  2,  4,  and  6  pounds,  respectively,  are  shown  in  fig.  35.  The  pull 
necessary'  to  overcome  the  frictional  resistance  was  found  by  stand- 
ing on  the  platform  of  the  mill  and  slowly  turning  the  whid  wheel 
around   with  a  spring  balance.     This  was  checked  by  winding  a 
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cord  around  the  circumference  of  the  wind  wheel,  and,  standing  on 
the  ground,  moving  the  wheel  when  there  was  no  wind  by  pulling 
on  the  spring  balance  attached  to  the  CQid.  A  pull  of  1.25  pounds 
applied  at  the  circumference  was  sufficient  to  overcome  this  resistance 
at  a  low  velocity.  The  work  done  in  overcoming  this  resistance  is 
1.25x2)rX0=47.1  foot-pounds  per  i-evolution.     The  work  doue  per 
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revolution  of  wind  wheel  per  pouud  on  the  brake  arm  is — 2tx35.25x 
G-r- 1-2=111  fout-pounds.  The  ratio  of  these  is  47.1-;- 111=0.425  pound. 
Heuce  a  hrake  load  of  0.425  pound  is  equivalent  to  the  friction  lo»d. 
The  effect  of  eafh  additional  2 
pounds  load  on  the  brake  in  re- 
ducing tlie  speed  of  the  wheel  at 
different  wind  velocities  is  clearly 
shown  here.  It  is  m^en  tliat  an 
adde<l  load  makes  a  greater  pro- 
portionate reduction  in  the  speed 
when  the  velocity  is  low  than  when 
it  is  high.  Thus,  in  an  8-mile  wind 
the  addition  of  2  pounds  to  the 
load  reduces  the  speed  50  per  cent, 
while  in  a  25-mile  wind  the  same 
load  reduces  the  speed  only  about 
7  per  cent. 

It  will  be  seen  that  for  wind 
velocities  above  a  certain  amount, 
with  the  load  not  too  great,  each  additional  pound  of  load  reduces 
the  speed  of  the  wheel  by  about  the  same  amount.  For  example,  in 
a  25-mile  wind  the  addition  of  2  pounds  changes  the  speed  from  87 
revolutions  to  81  revolutions.    The  addition  of  2  pounds  more  cliauges 
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the  speed  fn>m  8]  revolutiotis  to  77  revolutions.  It  will  be  seen  that 
as  the  load  increases  the  increment  of  wind  velocity  necessary  to  start 
the  mill  increases  more  rapidly  than  the  increment  of  loading.  That 
is,  the  0-pouud  load  curve  starts  in  about  a  4. 5-mile  wind,  the  2-pound 
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curve  in  about  a  7-mile  wind,  the  4-pound  curve  in  about  a  10.5-mile 
wind,  and  the  (J-pound  curve  in  about  a  15.5-mile  wind.  The  dif- 
ference between  these  starting  velocities  is  constantly  increasing. 
A  diagram  was  platted  showing  the  horsepower  of  this  mill  for  the 
2-pound,  4r-pound,  and  6-pound  brake  loads.  The  curves  showed  that 
for  any  brake  load  the  power  of  the  mill  increased  rapidly  as  the  wind 
velocity  increased,  and  that  it  reached  a  maximum  for  some  velocity 
greater  than  30  miles  an  hour.  As  the  load  increased  the  velocity 
required  to  start  the  mill  increased  rapidly  and  the  curve  became 
steeper.  For  a  given  wind  velocity  the  power  increased  rapidly  as 
the  load  increased.  For  4  velocity  of  25  miles  an  hour  the  power 
was  nearly  proportional  to  the  load  for  loads  of  less  than  6  pounds. 
It  showed  that  when  the  velocity  was  less  than  12  miles  an  hour  a 
4-pound  load  was  too  great,  and  when  it  was  less  than  19  miles  an  hour 
a  6-pound  load  was  too  great.  It  showed  also  that  the  efficiency 
decreased  as  the  wind  velocity  for  a  given  load  increased,  and  that  it 
increased  as  the  load  increased.  The  efficiency  for  a  load  of  2  pounds 
and  a  wind  velocity  of  9  miles  an  hour  was  40  per  cent.  At  14  miles 
an  hour  and  with  a  4-pound  load  it  was  36  i>er  cent.  If  the  load  at  that 
velocity  was  reduced  to  2  pounds,  the  efficiency  was  reduced  to  24  per 
cent.  Finding  the  efficiency  by  using  tlj^  wind  area  (area  of  circle  12 
feet  in  diameter)  instead  of  the  sail  area,  as  is  sometimes  done,  the 
foregoing  efficiency  of  40  per  cent  with  a  2-pound  load  in  a  0-mile 
wind  became  26  per  cent. 

The  results  for  this  mill  will  be  discussed  from  a  mathematical 
point  of  view  further  on. 

Mill  No.  28. — This  is  a  16-foot  Althouse  wooden  power  mill  manu- 
fiictured  by  Althouse,  Wheeler  &  Company,  of  Waupun,  Wisconsin. 
It  is  shown  in  fig.  36.  The  axis  of  the  wind  wlieel  is  32  feet  above 
the  ground  and  15  feet  above  the  roof  of  a  near-by  blacksmith's 
Hhox3.  The  wind  wheel  has  130  sails,  each  48  by  4  by  1.5  inches,  set 
at  an  angle  of  32**  to  the  plane  of  the  wheel.  Two  half  sails  are  miss- 
ing and  two  others  are  slightly  injured,  making  a  loss  of  about  one 
and  a  half  sails.  The  horizontal  shaft,  which  works  a  sheller,  grinder, 
emery  wheel,  and  wood  saw,  is  geared  forward  8.377  to  1.  A  pull  of 
from  7  to  13  pounds  at  a  distance  of  6  feet  from  the  center  was  neces- 
sary to  start  the  mill,  showing  it  to  be  a  hard-running  one.  The 
brake  pulley  was  8  inches  in  diameter,  the  brake  arm  3.5  feet  long. 
A  second  visit  to  this  mill  was  necessary  in  order  to  get  results  for 
high  velocities.  During  the  interval  between  the  tests  a  510-pound 
fly  wheel  was  put  on  the  shaft,  which  steadied  the  motion  of  the  mill 
somewhat.  The  owner  is  well  pleased  with  the  action  of  this  balance 
wheel.  Single  measurements  of  the  power  of  this  mill  for  the  same 
load  and  wind  velocity  differ  considerably.  It  is  very  evident  that 
this  mill  is  not  high  enough;  if  it  were  30  or  40  feet  higher  it  would 
IKE  4i^— 01 2 


90  THE   WINDMILL.  [so.  42. 

give  better  results.  It  is  with  the  aitl  of  bettei"  results  obtained  from 
te»tB.  of  uther  mill»of  tsitnilar  make  thatwean-  ablu  to  give  thi- results 
in  the  following  table  and  iu  the  diagrauiH. 


— Vleir  of  mill  No.  ai-lB-foot  woodon  Altbou 
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Fig.  37  shows  the  numlK.>r  of  revolutions  per  minute  of  the  wind 
wheel  of  this  mill  for  the  brake  loads  0,  1.7.5,  5.75,  and  8.75  pounds, 
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VELOCITY  OP  WIND  IN  MTL.B8  PER  HO  UK. 
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Fig.  37.— Diagram  showinK  reTolntions  of  wiod 
wheel  of  mill  No.  ii8— 16-foot  wooden  Althonse. 
Carves  marked  0, 1 .  75, 5.75, 8.75,  and  errinder  are 
for  brake  loads  of  0,  1.75, 5.75,  and  8.75  ix>und8, 
respectively,  and  for  grinder  load. 


and  for  grinder  load.  The  curve  for  the  grinder  load  is  a  nearly 
straight  line.  This  is  due  to  the  fact  that  the  grinder  is  constructed 
so  that  as  its  speed  increases  the 
amount  of  corn  it  receives  in- 
creases; thus  the  load  increases 
automatically  as  the  wind  veloc- 
ity increases.  By  comparing 
th^e  speed  curves,  as  they  may 
be  called,  with  those  of  fig.  35, 
for  the  Aermotor,  it  will  be  seen 
that  the  speed  of  the  latter  is 
much  greater  than  that  of  mill 
No.  28. 

Fig.  38  shows  the  horsepower  of 
this  mill  for  three  brake  loads — 
1.75  pounds,  5.75  pounds,  and 
8.75  pounds.  The  latter  load  is 
too  great  for  the  mill.  By  com- 
paring the  results  for  this  mill 
with  those  for  the  12- foot  Aer- 
motor (fig.  35)  it  will  be  seen 

that  the  latter  mill  is  superior  to  the  16-foot  wooden  mill. 
MiR  No.  29.— This  is  a  16-foot  Aermotor  like  that  shown  in  PL  XV. 

It  is  manufactured  by  the  Aer- 
motor Company,  of  Chicago, 
Illinois.  The  tower  is  of  wood, 
42  feet  to  the  axis  of  the  wheel. 
The  wind  wheel  has  18  curved 
sails,  each  59  by  25.75  by  10.5 
inches,  set  at  an  angle  of  30°  to 
the  plane  of  the  wheel.  It  is 
used  for  shelling  and  grinding 
corn  and  for  working  a  small 
pump.  The  shafting  is  20  feet 
above  the  ground,  near  the  roof 
of  a  granary.  It  is  geared  for- 
ward 6  to  1,  and  arranged  so 
that  the  pump  makes  1.011 
strokes  to  each  revolution  of  the 
wind  wheel.  The  pump  lifts 
0.022  gallon  per  stroke  a  dis- 
tance of  about  40  feet.  It  has  a 
cylinder  1.5  inches  in  diameter 
and  a  stroke  of  8  inches.  The 
supply  pipe  is  on  a  well  point. 
The  brake  pulley  is  12  inches  in  diameter,  the  brake  arm  3.75  feet  long. 
The  test  was  continued  until  the  shafting  failed.     The  mean  baro- 
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Fio.  3S. — Diagram  showing  horsepower  of  mill 
No.  28— 16-foot  wooden  Althonse.  Curves 
m&rked  1.75, 5.75,  and  8.75  show  horsepower  for 
brake  loads  of  1.75, 5.75,  and  8.75  pounds,  respec- 
tively; dotted  carve  UK  shows  maximum 
powrer. 
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metric  pressure  was  27.8  inches,  the  mean  temperature  70"*  F.  This 
mill  had  been  in  nearly  constant  use  about  five  years.  It  replaced  a 
22.5-foot  Ilallidav.  The  owner  claims  that  the  16- foot  steel  mill  does 
more  work  than  the  22.5-foot  Halliday  wooden  mill  did.  The  results 
of  the  tests  are  as  follows: 


Results  of  tests  of  mill  No,  29 — 16-foot  Aemiotor, 


Load  on 
brake. 

Load 

perrev- 

olation 

of  wind 

wheel. 

212 

487 
629 

Kttmber  of  revolutions  of  wind 
wheel  per  minute  at  given  wind 
velocities  (per  hour). 

Horsepower  of  mill  at  given  wind 
velocities  (per  hour). 

i 

1 

00 

1 

a 

1 

9 

1 

1 
1 

i 

S 

00 

1 

s 

a 
8 

i 
1 

PoundH. 

P+14 
P+2i 

a) 
11 

35 
30 
25 

0.L3 
0.17 

0.28 
0.44 
0.48 

4i 
a*) 

0.636 
0.714 

— .  - 

VBIX>GITY  OF  WIND  lli  MILES  PEIl 
HOUIt. 

10  i.-i  :j 

0 


) 


Fig.  39  shows  the  number  of  revolutions  of  the  wind  wheel  for  three 
loads — 212  foot-pounds,   487   foot-pounds,   and    629   foot-pounds. 

Although  these  results  are  incomplete, 
on  account  of  the  failure  of  the  shaft- 
ing, they  are  complete  up  to  a  wind 
velocity  of  15  miles  an  hour,  and  when 
studied  in  connection  with  the  com- 
plete test  of  a  mill  of  the  same  size  and 
make  (No.  44)  it  will  he  seen  that  this 
mill  has  about  the  same  power  for  the 
same  loads  at  any  given  wind  velocity. 
Mill  No.  ,3?^.— This  is  a  16-foot  wo(Kieu 
power  mill  known  as  an  Irrigator,  used 
for  lifting  water.  (For  description  see 
pp.  49-50,  Part  I. )  Two  brake  loads  (2 
pounds  and  16  pounds)  were  used  on  an 
arm  2.5  feet  long.  Curves  showing  the 
number  of  revolutions  of  the  wind  wheel 
per  minute  for  these  loads  and  the  use- 
ful elevator  load  are  reproduced  in  fig. 
22,  Part  I;  the  horsepowers  for  these 
loads  are  shown  in  fig.  23,  Part  I. 

MiU  No.  ^i.— This  is  a  14-foot  Elgin 
wooden  power  mill  used  to  lift  water 
with  a  rotary  (Wonder)   pump.     It  is 
described  on  pages  50  to  51,  Part  I. 
Mill  No.  34. — This  is  a  14-foot  Junior  Ideal  steel  power  mill  manu- 
factured by  the  Stover  Manufacturing  Company,  of  Freeport,  Illinois. 
The  tower  is  of  wood,  41  feet  to  the  axis  of  the  wheel.     The  wheel  has 


Fig.  88.— Diagruiiii^Iiowiiiij  ruvulutiuii^ 
of  wind  wheel  of  mill  No.  29— 16-foot 
Aermotor.  Curve  A  Bis  for  a  load  of 
212  foot-pounds;  CE  is  for  a  load  of 
487  foot-pounds;  DF  is  for  a  load  of 
629  foot-pounds. 
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40 


24  curved  sails  in  eight,  sections,  regulated  on  the  centrifugal  prin- 
ciple. £ach  sail  is  49  by  18 
b}^  8  inches,  set  at  an  angle  of 
29°  to  the  plane  of  the  wheel. 
This  is  a  sectional  vaneless 
mill.  In  place  of  a  vane  there 
is  a  countei-poise.  It  is  geared 
forward  8  to  1.  The  mill  is 
used  for  shelling  and  grind- 
ing com  and  elevating.  The 
brake  pulley  is  on  a  line  shaft 
15  or  20  feet  long.  In  a  12- 
mile  wind  the  mill  ground  12 
pounds  quite  fine  for  a  mile  of 
wind,  or  at  the  rate  of  144 
pounds  an  hour.  In  an  18- 
mile  wind  it  ground  26  pounds 
for  a  mile  of  wind,  or  at  the 
rate  of  468  pounds  an  hour. 
The  grinder  was  made  by  the 
Baker  Manufacturing  Com- 
pany, of  Evansville,  Wiscon- 
sin. The  wind  was  unsteady, 
the  temperature  high — 100° 
in  the  shade  at  noon.  The  re- 
sults of  the  tests  are  as  follows : 
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Fig.  4^1— Diagram  Bhowing  revolutions  of  wind 
wheel  of  mill  No.  34— 14-foot  Janior  Ideal. 
Carves  marked  0,  1,  3^,  and  grrinder  are  for 
brake  loads  of  0, 1,  and  3.5  poands,  respectively, 
and  for  grinder  load. 


Results  of  tests  of  mill  No,  ,34 — IJ^-foot  steel  Junior  Ideal, 


Load  on 
brake. 


Pounds. 
0 
1 
Q. 

3* 


Load  per 
revolu- 
tion of 
wind 
wheel. 


Number  of  revolutions  of  wind 
wheel  per  minute  at  given  wind 
velocities  (per  hour). 


Ft.'lba. 


0 
180 
Q. 
631 


i 

s 

i 

1 

i 

a 

a 

ss 

a 

B 

n 

B 

a 

a 

oo 

3 

rt 

s 

^ 

30 

34 

44 

63 

58 

13 

29 

40 

49 

55 

4 

10 

32 

39 

47 

0 

0 

24 

32 

40 

Horsepower  of  mill  at  given  wind 
velocities  (per  hour). 

1 

a 

1 

1 
23 

1 

B 

1 

B 
3 

..A 

0.07 

O.IB 

0.22 

0.27 

o.:e 

0 

0 

0.46 

0.61 

0.76 

Fig.  40  shows  the  number  of  revolutions  of  the  wind  wheel  per  min- 
ute for  brake  loads  of  0,  1,  and  3.5  pounds,  and  for  the  grinder  load. 
Fig.  41  shows  the  horsepower  for  brake  lomls  of  1  and  3.5  pounds. 

3fill  No.  44. — This  is  a  16-foot  Aer motor  on  a  4()-foot  steel  tower. 
(See  PI.  XV.)  The  working  parts  of  the  mill  are  like  those  shown  in 
fig.  33;  the  foot  gear  is  like  that  shown  in  fig.  34.  The  sail  area  is  the 
same  as  that  of  mill  No*  29,  page  91.  The  power  was  measured  with 
a  wooden  brake  having  an  arm  4.07  feet  long,  on  a  10-inch  iron  pulley 
on  the  foot  gear.  Five  brake  loads  were  used — 0,  3,  5, 8,  and  11  pounds, 
respectively.     The  shafting  is  geared  forward  C  to  1. 
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The  results  of  the  tests  are  as  follows: 

BestUts  of  teats  of  mill  No,  44. — IB-foot  Aermotor, 


Load  on 
brake. 

Load  per 
revolu- 
tion of 
wind 
wheel. 

Number  of  revolutions  of  wind 
wheel  per  minute  at  given  wind 
velocitieB  (per  hour). 

Horsepower  of  mill  at  given  wind 
velocities  (per  hour). 

1 

a 

i 

1 
a 

1 

1 

1 

a 

CO 

s 
1 

1 

3 

1 

Pounds. 
0 
3 
5 
8 
11 

Ft.-lbs. 

0 

628 

880 

1,406 

1,936 

28 

38 
28 
13 

48.0 
41.0 
33.5 
16.0 

66 
60 
44 
88 
25 

64.6 
68.6 
63.6 
47.0 
30.6 



0.46 
0.35 

0.66 
0.80 
0.68 

0.80 
1.16 
1.63 
1.47 

0.»4 
1.43 
2.01 
2.81 

VELiOClTY  Oir  WIND  IN  MILKS  PER  HOUR. 

10  16  20 


Pio.  41.— Diagram  showing  horsepower  of  mill 
No.  34— 14-foot  Junior  Ideal  Curves  marked  8i 
and  1  show  power  for  brake  loads  of  3.5  pounds 
and  1  pound,  respectively;  dotted  curve  IK 
shows  maximum  power. 


Fig.  42  shows  the  number  of 
revolutions  per  minute  of  the 
wind  wheel  for  these  brake 
loads.  The  number  on  each 
curve  indicates  the  brake  load 
for  that  curve.  These  curves 
are  seen  to  closely  resemble  the 
corresponding  curves  for  the  12- 
foot  Aermotor  (fig.  36).  The 
16-foot  mill  will  be  seen  to  start, 
with  no  load,  in  about  a  4.5-mile 
wind — the  same  as  the  12-foot 
Aennotor.  Fig.  43  shows  the 
horsepower  of  this  mill  for  loads 
of  3,  5,  8,  and  11  pounds,  respec- 
tively. The  curves  for  this  mill 
closely  resemble  those  of  the 
12-foot  Aermotor.     The  curves 


of  the  latter  were  platted,  but  the  diagra-m  is  not  reproduced  because 

of  lack  of  space.      It  will  be  TBLOCirr  or  wind  in  mi  lies  per  hour. 

shown  further  on  that  these  Jo  w  ao 

load  curves  are  parabolas, 
and  hence  that  the  power 
increases  as  the  square  root 
of  the  wind  velocity.  It  will 
be  shown  also  that  the  curve 
of  maximum  power  is  a  para- 
bola, that  the  load  for  it 
increases  nearly  as  the  first 
power  of  the  wind  velocity, 
and  that  the  speed  of  the 
wheel  increases  also  as  the 

«     ,                     i»  Ai-          •    ^  Pig.  43.— Dlagrram  showing  revolutions  of  wind  wheel 

first  power  of  the  wind  ve-  of  mm  No.  44— Idfoot  Aermotor.    Curvee  marked  a 

I      ..  3,  5,  8,  and  11  are  for  bnilEe  loads  of  0,3  poanda,  6 

lOClty .  pounds,  8  pounds,  and  11  pounds,  respectivMy;  rarvB 

\ni1     /V/»      IQ       Tliifl    iu    ft        Pg  is  speed  of  wheel  for  marimmn  load;  iZS  to  loud 
jiLvMf    J.JIU,    jfxr,  —  X  iiio    10    2»        curve  for  maximum  power. 
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22. 5- foot  llaliiday  wooden  power  mill  on 
The  sail  area  is  in  two  con- 
centric rings,  the  outer  ring 
having  144  sails,  tlie  inner 
ring  100  sails,  each  43  by  4.5 
b}'  3.5  inches,  set  at  an 
angle  of  25°  to  the  plane 
of  the  wheel.  The  upper 
gearing  has  a  ratio  of  50  to 
14,  the  lower  gearing  a  ratio 
of  53  to  26,  so  that  the 
horizontal  shaft  is  geared 
forward  7.28  to  1.  The 
brake  pulley  is  8  inches  in 
diameter,  the  brake  arm  4. 75 
feet  long.  The  mean  tem- 
perature was  82°  F.,  the 
mean  barometric  pressure 
28.7  inches.  The  mill  is 
used  for  shelling  and 
grinding  corn.  Four  brake 
loads  (0,  1.5,  5,  and  9 
pounds,  respectively)  were 
used,  also  the  grinder  load. 


a  43-foot  wooden  tower. 
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Pio.  43.— Diagram  showing  horsepower  of  mill  No. 
16-foot  Aermotor.  Curves  marked  3, 5, 8,  and  11  show 
power  for  brake  loads  of  3, 5, 8,  and  U  poands,  respeo- 
tively;  dotted  curve  DiT  shows  maximum  power. 


The  results  of  the  tests  are  as  follows: 


BestUts  of  tests  of  mill  No.  49 — 3 3, 5- foot  vxxxien  Halliday, 


Load 

on 
brake. 

Loadper 
revdfa- 

tionof 
.  wind 

wheel. 

Number  of  revolutions  of  wind 
wheel  per  minute  at  given 
wind  velocities  (per  hour). 

Horsepower  at  given  wind  velocities 
(per  hour). 

• 

s 

a 

QO 
11 

6 

• 

1 

20 

16 

11 

8 

2 

i 

« 

26 
22 
18 
16 
10 

i 
1 

ao 
» 

22 
16 

1 

32 

30 
26 

Smiles. 

1 

2 

16  miles. 

1 

a 

25  miles. 

Pomids. 
0 
1.5 
5.0 
G. 
9.0 

Ft.-UM. 

0 

386 

1,087 

■ 

0.069 

0.163 
0.342 

0.217 
0.583 

0.257 
0.724 

0.296 
0.856 

1.S66 

19 

0.118 

6.600 

0.890 

1.126 

In  a  13.5-mile  wind  the  mill  ground  20  pounds  of  chop  quite  fine  in 
4.5  minutes.  Fig.  44  shows  tlie  number  of  revolutions  per  minute  of 
the  wind  wheel  for  the  five  loads.  This  mill  requires  a  5.5-mile  wind 
Uy  start  it  without  any  load,  and  it  makes  only  32  revolutions  in  a  25- 
mile  wind.  This  is  about  half  as  many  as  are  made  under  the  same 
conditions  by  the  16-foot  mill  No.  44.  Since  the  circumference  of  the 
22.5-foot  mill  is  1.4  times  greater  than  that  of  the  16-foot  mill,  the  cir- 
cumference velocity  of  the  16- foot  mill  is  44  per  cent  greater  than  that 
of  the  22.5-foot  mill.  The  dotted  curve,  showing  the  speed  of  the  wheel 
for  the  grinder  load,  will  be  seen  to  be  a  nearly  straight  line,  showing  a 
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constantly  increasing  load  with  increase  of  wind  velocity.  Fig.  45  shows 
the  horsepower  for  three  loads,  also  the  maximum  hoi*sepower.  It  will 
be  seen  that  the  power  is  small  for  so  large  a  mill.  The  shafting  of 
this  mill  is  very  heavy,  and  the  grinder  is  run  by  a  belt  from  the  main 
shaft.  The  mill,  although  on  a  43-foot  tower,  should  be  at  least  20 
feet  higher.     It  will  be  seen  to  be  a  very  poor  mill. 


VELOCITY  OP  WIND  IN 
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10                 15                 30 

25 

4€ 

• 

s 

^ 

gai 

^y^ 

Q 

y 

- 

Eh  nn 

/>' 

^ 

REVOLUTIONS  O 

/ 

^ 

• 

11, 

^'V 

TELOGITT  OF  WIND  IN  MILES  PER  HOUR. 

10  15  20  25 

1.J 


l.( 


s: 
a0.t 

Be 
o 
eu 
u 

CO 

OS 

o 

S  O.LJ 

Q 

< 
§0.4 


/'/ 

/ 

'/ 

/ 

y" 

i 

'/ 

i 

t^""^ 

_- 

.A 

^ 

Pi«.   44.— DiaiErram    showing    revolutioDS    of     "^ 
wind  wheel  of  mill  Na  49— 22.6-foot  wooden 
Halliday.    Carves  marked  0,  1.6,  5,  and  9 
are  for  brake  loads  of  0, 1.5,  5,  and  9  pounds, 
respectively;  the  dotted  curve  shows  the         *'* 
speed  of  wheel  for  grinder  load. 

MiR  No.  5^.— This  is  a  12-foot 

Monitor  wooden  power   mill   on    a     ^lO*  46.— diagram  showing  horsepower  of  mill 

30-foot  wooden  tower.     (See  fig.      frS^^^l^^^J^Z"?::^. 

46. )  It  is  a  sectional  mill  and  has  loads  of  9, 5,  and  1.5  pounds,  respectively;  the 
96  sails,  each  44  by  4.25   by   1.75        ^ottedMneDir  shows  maximum  horsepower. 

inches,  set  at  an  angle  of  34°  to  the  plane  of  the  wheel.  The  shaft 
is  pfeared  forward  3.66  to  1.  The  swivel  gearing,  which  enables  the 
mill  to  turn  easily  and  keep  full  in  the  wind,  is  shown  in  fig.  47. 
The  mill  is  used  for  shelling  and  grinding  corn  and  pumping  wat€ir. 
It  is  in  very  good  condition,  and  the  wind  exposure  is  very  good. 
The  mill  had  been  in  use  about  three  years.  The  mean  temperature 
during  the  time  of  test  was  83°  F.,  the  mean  barometric  pressure  28.6 
inches. 


POWER    MILL8    TESTED. 
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The  results  of  the  tests  are  as  follows: 

ResfultH  of  tests  of  mill  No,  50 — 12'foot  wooden  Monitor, 


Load  per 
Load    '  reYofn- 


on 
brake. 


tion  of 

wind 

wheel. 


Number  of  revolutions  of  wind 
,     wheel  per  minnte  at  given 
wind  velocities  (per  hour). 

i 


Horsepower  of  mill  at   griven  wind 
velocities  (per  hour). 


1 

00 


TJm. 

jrt.4bg. 

0 

0 

1.5 

120 

n 

314 

4.6 

490 

16 


M 


33 
25 


44 

36 

27 
10 


20  miles. 

1 

a 

Smiles. 

1 

s 

2 

1 

a 

20  miles. 

i 
a 

54 
43 
34 
24 

64 
62 
40 
30 

0.001 

0.127 
0.230 
0.160 

0.166 
0.324 
0.367 

0.189 
0.381 
0.445 

The  revolutions  of  the  wind  wheel  for  three  brake  loads  (0, 1.5,  and 
2.875  pounds)  are  shown  in  fig.  48.     This  figure  also  shows  the  num- 
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Fto.  48.— Diagram shu wing  ro? oitttloMof  wind 
wheel  of  mill  No.  5(K— 19>f  oot  weoden  Monitor. 
Curves  marked  Q,  L5, 2(,  4.6  are  for  brake  loads 
of  0, 1.5,  S|,  and  4J>  pounds,  respectively. 
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FiG.  49.— Diagram  showing  horsepower  of  miU 
No.  60~12-foot  wooden  Monitar.  Cnrvew 
marked  4.6, 21,  and  1.5  are  for  brake  loads  of 
4.6,  2},  and  1.5  pounds,  respectively;  dotted 
curve  DK  shows  maximum  power. 


ber  of  revolutions  for  a  4.5-pound 

load,  found  by  interpolation  from 

the  other  results.     This  mill  will 

be  seen  to  require  about  a  6- mile 

wind  to  start  it  without  any  load  and  to  make  only  64  revolutions 

per  minute  in  a  25-mile  wind.     The  12- foot  Aermotor  will  start  in  h 

4.5-mile  wind  and  make  87  I'evolutions  per  minute  in  a  25-iDile  wind 

with  no  load.     Fig.  40  shows  the  hors^iowvr  of  thin  mill  for  the  four 

loads;  also  the  maximum  horsepower. 

MiU  No.  f)2. — This  is  a  14-foot  Challenge  wooden  power  mill  on  a 
45-foot  wocKlen  tower,  manufactured  by  the  Challenge  Windmill 
Company,  of  Batavia,  Illinois.  (See  fig.  50. )  It  is  a  sectional  mill,  and 
has  two  side  wheels  for  keeping  the  main  wheel  in  the  wind.    The 
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wind  wheel  has  102  sails,  each  51.5  by  5  by  1.75  inches,  set  at  an  angle 
of  39°  to  the  plane  of  the  wheel.     The  mill  works  a  sheller,  a  grinder, 
and  a  pump.     There  are  two 
horizontal    shafts,     one    of 
which  works  the  grinder  and 
sheller,  the  other  the  pnmp. 
The    shaft   that  works    the 
pump  is  12  feet  long  and  1.5 
inches    in    diameter;    it    is 
geared  forward  1. 5  to  1 .    The 
shaft  that  works  the  grinder 
is  6  feet  long  and  1.5  inches 
in  diameter;  it  is  geared  for- 
ward 15.25  to  1.    The  well  is 
a  drilled  well,  192  feet  deep. 
The  lift  was  180  feet,  the  dis- 
charge 0.25  quart  per  stroke. 
The  water  is  pumped  into  a 
large    box,    and    passes    to 
watering    troughs    when 
needed.     The   pump  has   a 
counterweight  which  raises 
on  thedownstroke  and  assists 
in  lifting  the  water  on  the 
upstroke.     The    mean   tem- 
perature was  92°  F.,  the  mean  barometric  pressure  28.6  inches.     The 
results  of  the  tests  are  as  follows: 
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FlU.  50.— Mill  No.  52— IMoot  woodea  Challenge. 


Results  of  testa 

r  of  miU  No,  6 

r  wind 

odvnn 

^oot  wooden  Challenge. 
Horsepower  of  mill  at  given 

Nnmber  of  revolntions  ol 
wbe^l   per    minnte  at 

wind 

Load  per 
revolu- 

wind velocities  (per  hour). 

velocities  (per  hour). 

Lo«d 

on 
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1 

brake. 

wind 
wheel. 
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1 

1 

t 
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1 
1 

1 

1 
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1 

miles, 
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1 
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8 
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3 

Lim. 
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0 

Pnmp 
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0 

7 

18 
14 

25 
2S 

17 
8 

30 
27 
22 
16 

0.060 

0.088 
0.222 
0.210 

o.'iio 

0.287 
0.420 

;;;:::;; 

43S 

864 

The  revolutions  of  wind  wheel  per  minute  for  loads  of  0,  1,  and 
2  pounds  are  shown  in  fig.  51.  For  0  load  the  pump  shaft  was  run- 
ning with  the  pump  detached;  the  grinder  shaft  was  not  working. 
When  pumping  the  grinder  was  not  working.  When  the  brake  loads 
of  1  and  2  pounds  wei-e  being  used  the  pump  shaft  was  not  work- 
ing. A  curve  was  obtained  giving  the  speed  of  the  wind  wheel  for 
no  brake  load  with  the  grinder  shaft  working  and  with  the  pump 
shaft  not  working.     This  curve  nearly  coincided  with  that  for  the 
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pump  load,  showing  that  the  friction  of  the  grinder  shaft  was  about 
equal  to  the  pump  load.  With  the  pump  shaft  working,  but  not 
the  pump,  the  mill  will  bo  seen  to  require  a  7-mile  wind  to  start  it, 
and  it  makss  only  30  revolutions  in  a  20-mile  wind.  Fig.  52  shows 
the  horsepower  of  this  mill. 

This  is  a  hard-running  mill;  there  is  too  much  friction.     The  side 
wheels  do  not  respond  to  changes  in  the  direction  of  the  wind  as  quickly 


VEIiOCITY  OF  WIND  IN  MITRES  PER 
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Fi(..  •>!.— Dia^am  showing:  revolu- 
tions of  wind  wheel  of  mill  No.  52— 
14-foot  wooden  Challenge.  Curve 
marked  0  is  for  no  brake  load ;  curve 
P  ia  for  pump  load:  cnrves  1  and  3 
are  for  brake  loads  of  1  and  2 
poundfl,  resi)ectively. 
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F I  u.. 'i2. —Diagram  show  iu^;  horsepower  of  mill  No. 
52— 14-foot  wooden  Challenge.  Curves  marked 
1  and  2  are  for  brake  loads  of  1  and  2  ponnds, 
respectively;  curve  Pis  for  pump  load;  dotted 
curve  DK  shows  maximum  power. 


as  does  the  vane  or  rudder 
in  other  mills.  The  wind 
exposure  was  very  good  and 
the  mill  was  nearlv  new. 

Mill  No.  f)S. — This  is  a  12-foot  Ideal  power  mill  on  a  33-foot  wooden 
tower.  The  wind  wheel  has  21  curved  sails,  each  43.25  hy  16.5  by 
8.25  inches,  set  at  an  angle  of  32°  to  the  plane  of  the  wheel.  Th^ 
horizontal  shaft  is  geared  forward  0.07  to  1.  The  mill  had  In^en  in 
use  about  four  years  for  shelling  and  grinding  corn.  Three  brake 
loads  were  used  in  the  test — (),  1.5,  and  2.5  pounds.  The  mean  tem- 
perature during  the  tests  was  02°  F.,  the  mean  barometric  pressure 
28.7  inches.     The  results  of  the  tests  are  as  follows: 


Load  ou 
brake. 


^Load  ])er| 
I  revolu- 
,  tion  of 
wind 
wheel. 


Ptmnds.  Ft.'lbs. 

0  I  0 

1.6  272 

2.5  I  455 


ResultH  of  tests  of  mill  No.  f>S — IS-foot  Ideal, 


Number  of  revolutions  of  wind 
wheel  per  minute  at  given 
wind  velocities  (per  hour). 
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Horsepower  of  mill  at  given  wind  vt»- 
locities  (per  hour). 


1 

00 


a 


a 


0.239 


0.388 
0.440 


3 


0.420  I 

o.eo6  1 


a 
3 


0.«)O 
0.745 


lirRPHT.] 


POWER   MILLS   TESTED. 


101 


Fig.  53  shows  the  number  of  revolutions  per  minute  of  the  wind 
wh(*el  for  the  three  brake  loads.  The  mill  will  be  seen  to  start  in 
al>out  a  5-mile  wind  and  to  make  61)  revolutions  a  minute  in  a  25-mile 
wind  with  no  load.     Fig.  54  shows  the  horsepower  for  the  several  loads. 

MiU  No.  5^. — This  is  a  12-foot  Aermotor  like  No.  27,  on  a  47-foot 
tower.  The  12-fcK)t  Aermotor  No.  27  was  found  to  be  so  much  greater 
in  ix)wer  and  speed  than  other  12-foot  mills  tested  that  we  thought 
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VELOCITY  or  WIND  IN  MILES  PER  HOUR. 
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Fiu.53. — ^Diairram  showing  reTolntions of  wind  ,-       ..*     ,^.               ._      .      ,                       -     ,« 

wheel  of  mill  No.  6»-l».foot  Ideal.    Curvee  ^l?'  ^r^,T*!T.     ^'^^^  horsepower  of  miU 

markedO,1.5,2.5,and3.6Breforbrakeload8of  ^\  ^^^^T^i    i^T^nt"*^f    Vi  ; 

0, 1  5  2  5  and  3  6  pounds,  respectively  *°          "'^         brake  loads  of  3.5,  3.5,  and  1.5 

,..,.,           .   po                pec         y.  pounds,  resi)ectively;  dotted  curve />X^  shows 

it  wise  to  test  another  of  the  same  ^°^  power, 

make  and  size  under  somewhat  different  conditions.  No.  54  had  l)een 
in  use  about  two  years.  Two  brake  loads  were  used — ()  and  207  foot- 
pounds per  revolution  of  wind  wheel.  The  mean  temperature  during 
the  test  was  92°  F.,  the  mean  barometric  pressure  29.2  inches.  The 
results  of  the  tests  are  as  follows: 

Resulta  of  tests  of  mill  No.  54 — JJ-foot  Aemiotor. 


Number  of  revolutions  of  wind 
wheel    per    minute  at   given 
wind  velocities  ( per  hour) . 

Horsepower  at  given  wind  velocities 
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It  will  be  seen  that  the  results  of  the  tests  of  this  mill  apparently'' 
agree  closely  with  those  of  No.  27,  page  86.     The  agreement,  however, 


102 


THE    WINDMILL. 


[NO.  42. 


is  not  so  close  as  it  appears,  since  the  temperature  for  No.  54  is  much 
higher.  It  is,  however,  about  the  same  as  the  temperature  for  other 
mills,  so  that  we  can  still  use  the  results  found  for  mill  No.  27  in  com- 
paring its  power  and  speed  with  those  of  other  mills. 


COMPARISON  OF  POWER  MILLS. 

Comparison  of  12-foot  Ideal  {No.  53)  with  U-foot  Ideal  {No.  34). — It 
must  be  remembered  that  in  this  and  in  all  other  comparisons  no  cor- 
rection is  made  for  difference  in  temperature  and  barometric  pressure. 
The  speeds  for  no  load  and  the  maximum  horsepowers  for  these  mills 
are  as  follows: 

Comparison  of  results  for  IS-foot  Ideal  and  Ij^foot  Ideal. 


Mill. 

Number  of  revolutions  of 
wind  wheel  per  minute  at 
given  wind  velocities 
(per  hour). 

Maximum  horsepower   at 
given  wind  velocities 
(per  hour). 

« 

a 

oo 
1.07 

• 

09 

1 

40 
34 

1.00 

i 
1 

61 
44 

0.99 

1 
a 

i 

a 
IS 

1 

00 

1 
a 

M 

s 

1 
s 

« 

a 

1 
1 

12-foot  Ideal 
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0.97 
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0.06 
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0.23 
0.22 

0.44 
0.46 

0.70 
0.74 

14-foot  Ideal 

Ratio  of  circumference 
yelocltiea  (\i) 

It  will  be  seen  that  the  useful  power  of  the  14-foot  mill  is  very  littl<> 
more  than  that  of  the  12-foot  mill,  and  that  the  circumference  veloci- 
ties are  nearly  the  same  for  no  load,  where  no  horizontal  shaft  is  being 
turned.  In  the  ease  of  the  12-foot  mill  the  brake  was  on  the  foot 
gear  and  thei-e  was  no  horizontal  shaft  to  turn,  but  in  the  case  of  the 
14- foot  mill  the  brake  pulley  was  on  a  shaft  15  or  20  feet  long.  We 
believe  that  if  the  brake  pulley  had  been  on  the  foot  gear  and  the 
line  shaft  thrown  out  of  gear,  so  as  to  eliminate  shaft  friction,  the 
mill  would  have  shown  at  least  10  per  cent  more  power.  The  tower 
obstructs  the  wheel  somewhat  and  reduces  the  power. 

Comparison  of  12'foot  Aermotor  {No.  27)  with  H-foot  Ideal  {No. 
34). — The  speeds  for  no  load  and  the  maximum  horsepowers  for  these 
mills  are  as  follows: 

CofuiKirison  of  results  for  IS-foot  Aermotor  and  IJ^-foot  Ideal. 


Mill. 


12-foot  Aermotor 

14-foot  Ideal 

Ratio  of  circumference 
velocities  {{%) 
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It  will  be  seen  that  the  number  of  i*evolutions  per  minute  of  the 
12-foot  mill  is  50  per  cent  greater  than  for  the  14-foot  mill.  This  is 
true  for  the  lower  as  well  as  for  the  higher  velocities,  where  the  gov- 
erning of  the  mill  does  not  enter  to  reduce  the  speed.  It  will  be  seen 
also  that  the  12-foot  mill  is  producing  from  42  to  50  per  cent  more 
horsepower  than  the  14-foot  mill.  The  temperature  was  49°  higher 
and  the  pressure  0.6  inch  lower  when  the  14-foot  mill  was  tested 
than  when  the  12-foot  mill  was  tested.  The  effect  is  to  lessen  the 
difference  between  the  power  and  speeds  of  the  mills. 

Comparison  of  12'foot  Aermotor  {No.  27)  with  IB-foot  Aermotor 
(No,  44). — Attention  has  already  been  drawn  to  the  similarity  between 
the  speed  curves  of  these  mills  (figs.  35  and  42)  and  between  the  power 
curves.  (The  power  curves  for  mill  No.  44  are  shown  in  fig.  43;  those 
for  mill  No.  27  were  platted,  but  are  not  published  because  of  lack  of 
space.)  If  we  compare  the  number  of  revolutions  per  minute  for  no 
load,  we  shall  see  that  they  are  to  each  other  nearly  inversely  as  the 
diameter,  or  that  the  circumference  velocities  of  the  two  mills  are  the 
same  in  all  wind  velocities.  We  may  compare  the  brake  horsepower 
and  the  speed  as  follows: 

Comparison  of  results  for  12'foot  Aermotor  and  W-foot  Aermotor. 


Number    of-  revolntionfl    of    wind 
wheel  per  minute  at  given  wind 
velocities  (per  hour). 

Maximum    horae- 
power   at  sriven 
wind  velocities 
(per  hour). 
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12  miles. 

16  miles. 

« 
20  miles. 

25  miles. 

10  miles. 

15  miles. 

i 

ft 

1.05 
1.55 

1.48 

12-foot  Aermotor 

49 
38 

1.03 

fi3 

48 

i.ce 

75 
0.90 

87.0 
64.5 

0.99 

0. 21         0.  Fi8 

16-foot  Aermotor 

0.29 
1.38 

0.82 
1.41 

Ratio    of    circamfer- 
ence  velocities  (H  >  -  - 

From  this  it  will  be  seen  that  the  power  of  the  16- foot  Aermotor  is 
about  1.22  times  that  of  the  12-foot.  The  ratio  of  the  squares  of  the 
diameters  is  1.78;  the  ratio  of  the  diameters  1.33.  It  will  bo  seen  that 
the  i>ower  does  not  increase  as  the  squares  of  the  diameters,  as  is  often 
stated ;  it  increases  faster  than  as  the  diameters,  but  more  nearly  as 
the  diameters  than  as  the  squares  of  the  diameters. 

ComiKtrison  of  16-foot  Alfhouse  wooden  mill  {No.  28)  with  16-foot 
A(r motor  {No.  44)- — From  the  following  table  it  will  be  seen  that  the 
wind  wheel  of  No.  44  is  revolving  from  56  to  77  per  cent  faster  than 
the  wind  wheel  of  No.  28.  The  latter,  however,  has  to  overcome  the 
friction  of  10  or  12  feet  of  line  shafting.  It  will  be  seen  that  No.  44 
i.s  yielding  from  70  to  167  per  cent  more  power  than  No.  28.  The 
superiority  of  the  steel  mill  over  the  wooden  mill  is  very  evident  in 
this  case. 
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Comparvion  of  restUtsfor  16-foot  AlthoMse  and  IG-foot  Aemwtor, 


MiU. 


10-foot  Althouse 

J6-foot  Aermotor 

Ratio  of  circamference 

velodUea  (-:^) 


Number  of  reyolutions  of 
wind  wheel  per  mlnnte 
at  griven  wind  velocities 
(per  hour). 


00 


13 
2ii 

1.77 


o 

a 


23 

38 

1.65 


OB 

B 


30 

48 

1.60 


a 
8 


36 
66 

1.55 


a 


40.0 
64.5 

1.61 


Maximum  horsepower  at 
ffiven  wind  velocities 
(per  hour). 


1 

00 


0.06 
0.16 

2.67 


a 


0.29 
0.48 

1.65 


OD 

I 

«0 


0.52 
0.S3 

1.78 


af 

ft 

»-« 

a 


1.55 


_-J 


Comparison  of  ^2. 5-foot  Halliday  wooden  mill  {No.  i^)  with  16-foot 
Aermotor  {No,  44). — From  the  following  table  it  will  be  seen  that  the 
steel  mill  makes  about  two  revolutions  to  one  revolution  of  the  wooden 
mill,  and  that  its  power  is  from  41  to  167  per  cent  greater. 

Comparison  of  reavltsfor  22.6-foot  Halliday  and  16-foot  Aermotor. 


22.5.foot  Halliday 

16-foot  Aermotor 

Ratio  of  cir(*umferenco 

velocities  (^j  |) 


Number  of  revolutions  of 
vrind  wheel  per  minute 
at  given  wind  velocities 
(per  hour). 


a 

tX) 


11 

23 

1.48 


i 

i 

1— 1 

^^ 

iM 

a 

a 

04 

«D 

|.^ 

i-^ 

20 

25 

38 

48 

1.36 

1.30 

1 


30 
56 

1.32 
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s 

s 

o 

•r* 

1 

a 

04 

00 

m* 

0.06 
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Comparison  of  12-foot  Aermotor  {No.  27)  with  22,6-foot  Halliday 
fvooden  mill  {No.  40). — Comparing  the  power  of  these  mills,  we  have 
the  following: 

Comparison  of  results  for  12- foot  Aermotor  and  22,5-foot  Halliday. 


Mill. 


Number  of  revolutions  of 
wind  wheel  per  minute 
at  {^ven  wind  velocities 
(per  hour). 
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0.83 
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1.05     ' 
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1.05 

1.12 

It  will  be  seen  that  this  22.5-foot  wooden  mill  does  not  furnish  as 
much  power  as  a  good  12-foot  steel  mill. 
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Comparison  of  wooden  power  mills. — Of  the  mills  in  the  following 
table  the  12-foot  has  the  least  friction;  the  tower  being  in  front  of  the 
windmill  obstmcts  the  wheel  and  reduces  the  power.  The  14-foot 
mill  probably  has  more  friction  than  the  others.  The  16-foot  Irri- 
gator has  too  few  sails;  with  more  sails  the  power  could  probably  be 
increased  75  per  cent  or  more. 

Comparison  of  results  of  tests  of  wooden  power  mills. 


MUL 

1 

Number  of  revolations  of 
wind  wheel  per  minute 
at  given  wind  yelocitiee 
(per  hour). 

Horsepower  at  giren  wind 
▼elocities  (per  hour). 

1 

00 

• 

1 

1-i 

1 

f-1 

s 

54 
80 
86 
41 
30 

64 

""46" 
44 

1 

a 

00 

1 
a 

i 
1 

12-foot  Monitor  (No.  50) 

14-foot  Challezige  (No.  68).... 

16-foot  Althouse  (No.  28) 

16-foot  Irrigator  (No.  30) 

22^  foot  HiOliclay  ( No.  49) ... . 

16 
7 

18 
12 
11 

33 
18 
28 
25 
20 

44 
26 
80 
82 
25 

0.02 
0.01 
0.06 
0.02 
0.06 

0.10 
0.10 
0.29 
0.16 
0.32 

0.28 
U.25 
0.62 
0.80 
0.63 

0.88 

0.42 
0.84 
0.44 
0.94 

VEIXKHTY  OF  WIIfD  IN  M1LEH  PER  HOUR. 
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25 


90 


75 


60 


45 


It  will  be  seen  that  the  16-foot  mill  (No.  28)  is  furnishing  fi*om  2.2 
to  2.9  times  more  useful  power  than  the  12-foot  mill  (No.  50).  It  will 
also  be  seen  that  the 
power  of  this  16-foot  mill 
compared  with  that  of 
the  12-foot  mill  increases 
faster  than  as  the  squares 
of  the  diameters,  while 
the  power  of  the  22.5-foot 
mill  compared  with  that 
of  the  12-foot  mill  does 
not  increase  as  fast  as  the 
squares  of  the  diameters, 
and  the  power  of  the  22.5- 
foot  mill  compared  with 
that  of  the  16-foot  mill 
does  not  increase  as  fast 
as  the  first  power  of  the 
diameters. 

Comparison  of  l^-foot 
Monitor  wooden  mill 
(iVb.  50)  with  12-foot  Aer- 
motor  {No.  27)  and  with 
12'foot  Ideal  {No.  53).— 
Fig.  o5  shows  the  speed, 
in  revolutions,  of  the 
wind  wheels  of  these  mills  for  no  useful  load.  The  friction  is  small  in 
each  case.  The  Monitor  has  a  swivel  gearing,  and  the  Ideal  has  a  ball 
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PlO.  55.— Comparative  diagram  of  revolutions  of  wind 
wheels  of  milla  Nob.  50, 58,  and  27.  Curve  oa'  is  for  12-foot 
Aermotor ;  bb'  is  for  12-foot  Ideal;  cc'  is  for  12-foot  Monitor. 
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gearing  to  eany  the  weight  of  the  shaft,  both  of  whic^li  rtnluce  the 
friction.  It  is  fair  to  say  that  the  friction  load  of  the  Aermotor  is  at 
least  as  great  as  that  of  the  other  mills.  It  will  be  seen  that  the  speed 
of  the  Ideal  is  noticeably  greater  than  that  of  the  Monitor;  and  that 
the  speed  of  the  Aermotor  is  much  greater  than  that  of  the  Ideal, 
especially  for  high  wind  velocities.  This  is  the  reason  the  Aermotor 
is  so  much  more  powerful  than  other  mills.  It  revolves  much  fa8t<3r, 
and  the  power  is  directly  proportional  to  the  speed.  But  why  is  its 
speed  greater  for  the  same  load? 

Comparison  of  reatUts  for  IB-foot  Monitor,  12'foot  Ideal,  and  12'foot  Aermotor, 


MUl. 

i 

-  Load 
per  rev- 
olution 
of  wind 
wheel. 

Number  of  revolutions  of 
wind  wheel  per  minute 
at  given  wind  velocities 
(per  hour). 

• 

Horsepower  at  given  wind 
ities  (per  hour). 

veloc- 

8  miles. 

12  miles. 
16  miles. 

1 

a 

54 

48 
34 

60 

i 
1 

1 
1 

00 

12  miles. 

a 

20  miles. 

25  miles. 

12-foot  Monitor 

12-foot  Ideal . . . 

l;3-f  oot  Aermo 
tor 

Ft,-lha. 

{       lao 

I         314 

1            0 
272 
455 
0 
222 
444 
666 

16 

33 
25 

44 

35 
27 
51 
41 
32 
63 
57 
48 
12 

64 
52 
40 
68 

0.001 

0.127 
0.230 

0.156 
0.324 

0.189 
0.381 

25 

40 
49 

51        60 
44        54 
76        87 
70        81 
66        77 
50        72 

0.289 

0.338 
0.440 

0.420 
0.606 

0.500 
0.745 

80 
16 

29 
43 
23 

0.0B9 

0.285 
0.303 

0.886 
0.653 
0.234 

6.468 
0.890 
1.028 

0.523 
1.0130 

1.451 

1 

The  dimensions  of  the  principal  parts  of  the  wind  wheels  of  these 
mills  and  the  mean  temperature  and  pressure  when  the  test«  were 
made  are  as  follows: 


Dimensions  of  priTunpal  parts  of  mills  Nos,  50,  53,  and  27, 


Mill. 


12-foot  Monitor  (No.  50)... 

12-foot  Ideal  (No.  53) 

US-foot  Aermotor  (No.  27). 


Num- 
ber 
of 
sails. 


Dimensions 
of  sails. 


Inches. 
44  X  i\x\\ 
43ixl6^x8i 
44  xl8tx7} 


Mean 

Angle 

Mean 

baro- 

Gearing. 

temi>er 

metric 

sails. 

atnre. 

pres- 

sure. 

o 

o  p 

Inchex. 

34 

3.66:1 

83 

28  6 

32 

6.07:1 

92 

28.7 

31 

6.00:1 

46 

28  9 

The  temperature  when  the  1 2-foot  Aermotor  was  tested  was  much 
lower  than  when  the  other  two  mills  were  tested,  but,  as  already 
stated,  the  temperature  when  Aermotor  No.  54  was  tested  was  92"*  F., 
and  it  showed  a  speed  and  power  about  the  same  a«  Aermotor  No.  27; 
so  we  may  leave  this  difference  in  temperature  out  of  account. 

It  will  be  seen  that  the  Monitor  is  not  geared  forward  as  much  oh 
the  other  two,  but  this  does  not  affect  the  speed  for  no  load.  The 
sail  angle  is  about  the  same  for  all,  also  the  length  of  sail;  but  the 
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number  of  sails  and  the  width  are  quite  different.  The  Aerinotor  has 
few  sails,  but  of  large  size;  the  Ideal  has  more  and  somewhat  smaller 
sails;  the  Monitor  has  many  small  sails,  and  its  tower  is  located  in 
front  of  the  wind  wheel.  ItiS  sails  are  plane,  instead  of  curved,  all  of 
w^hich  tends  to  decrease  its  power. 

Fig.  50  shows  the  curves  of  maximum  horsepower.  It  will  be  seen 
that  the  difference  between  the  horsepower  of  the  Aermotor  and  that 
of  the  Ideal  is  about  the  same  as  the  difference  in  their  speeds  for  the 
same  wind  velocity,  but 
the  difference  between 
the  power  of  the  Mon- 
itor and  that  of  the  Ideal 
is  much  greater  than  the 
corresponding  difference 
in  their  speeds.  The 
wooden  mill,  therefore, 
not  only  has  a  less  speed 
at  a  given  wind  velocity 
than  the  steel  mill,  but 
it  carries  a  proportion- 
ately less  load.  For  ex- 
ample, in  a  20-mile  wind 
a  load  of  120  foot-pounds 
per  i-evolution  reduces 
the  speed  of  the  Monitor 
from  54  to  43  (or  11) 
revolutions  per  minute, 
while  in  the  case  of  the 
Aermotor  a  load  of  220 
foot-i)ounds  (about  80 
per  cent  greater)  reduces 
tlie  speed  from  75  to  70 
(only  5)  revolutions  per  minute.  In  the  case  of  the  Ideal  a  load  of 
272  foot-pounds  i)er  revolution  (2.3  times  the  load  of  the  Monitor) 
reduces  the  speed  from  60  to  51  (or  9)  revolutions  per  minute. 

COMPARISON  OF  PUMPING  MILLS  WITH  POWER  MILLS. 

CoTnjHxrison  of  l^-foot  pumping  mill  {No.  3)  with  12-foot  power  ruill 
{No.  27).— The  load  per  stroke  of  No.  3  (see  page  30,  Part  I)  is  415.3 
foot-pounds.  The  wind  wheel  makes  3.3  revolutions  to  1  stroke  of 
the  pump,  so  that  the  load  per  revolution  of  wind  wheel  is  124.5  foot- 
pounds. This  is  less  than  the  smallest  load  used  in  testing  No.  27,  viz, 
222  foot-pounds  per  revolution.  A  diagram  was  platted  showing  the 
useful  work,  in  horsepower,  of  these  mills  for  these  loads.  The  curve 
for  the  pumping  mill  was  seenHo  start  with  a  little  less  wind  velocity 
than  that  of  the  power  mill,  indicating  a  somewhat  less  total  load. 


Fig.  56.— Comparative  diagram  of  horsepower  uf  mills  Nos. 
GO,  53,  and  27.  Cnrve  aa'  Is  for  12-foot  Aermotor;  bb'  is  for 
l^foot  Ideal;  c&  is  for  li^foot  wooden  Monitor. 
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Comparing  the  ordinates  of  these  curves  for  different  wind  velocities, 

the  following  ratios  were  obtained,  which  give,  approximately,  the 

pump  efficiency,  no  allowance  being  made  for  difference  in  temperature 

and  pressure: 

8  12  16  20  25  30 

0.60       0.53        0.54        0.54       0.58        0.58 

The  mean  of  these  ratios  is  0.56.  If  the  useful  load  of  the  pumping 
mill  had  been  somewhat  greater,  so  that  the  mills  would  have  started 
at  the  same  wind  velocity,  the  ratio,  or  pump  efficiency,  would  be 
about  60  per  cent,  which  is  about  what  might  be  exi)ected  of  this  pump 
under  this  lift.  The  ratio  of  the  useful  loads  is  125-4-222 = 0. 57.  This 
ratio  would  probably  be  about  0.60  if  the  loads  were  such  that  the 
mills  would  start  at  the  same  wind  velocity. 

Comparison  of  16-foot  pumping  Aermotm*  {No.  9)  loith  16-foot  power 
Aermotar  {No.  44). — The  useful  load  of  No.  9  (see  pages  36  to  37, 
Part  I)  is  1,013  foot-pounds  per  stroke  of  pump,  or  304  foot-pounds  per 
revolution  of  wind  wheel.  The  smallest  useful  load  of  No.  44  is  528 
foot-pounds  per  revolution  of  wind  wheel.  A  diagram  was  platted 
showing  the  useful  horsepower  of  these  mills  for  these  loads.  For  this 
particular  load  (1,013  foot-pounds)  the  pumping  mill  was  seen  to  start 
at  a  somewhat  less  wind  velocity  than  the  power  mill,  indicating  that  the 
total  load  of  the  pumping  mill  was  somewhat  less  than  that  of  the  power 
mill.  The  ratio  of  any  two  of  the  ordinat^es  gave,  approximately,  the 
pump  efficiency  for  that  wind  velocity,  the  difference  in  temx>erature 
and  pressure  being  neglected. 

These  ratios  for  four  velocities  are  as  follows: 

12  16  20  25 


0.72        0.67        0.69       0.68 


If  the  pump  load  had  been  somewhat  greater — such  that  the  mills 
would  start  at  the  same  wind  velocity — ^the  mean  ratio  would  be  about 
70  per  cent.  This,  again,  is  about  what  is  expected  for  the  efficiency  of 
this  pump,  which  is  somewhat  better  than  mill  No.  3  and  has  a  higher 
lift.  The  ratio  of  the  useful  loads  of  these  mills  is  304  -s-  528  =  0.57. 
This  ratio  would  probably  be  about  60  per  cent  if  the  mills  start;ed  at 
the  same  wind  velocity. 


MURPHY.]       PUMPING   MILLS   AND   POWEB   MILLS    COMPABEB. 


109 


It  is  interesting  to  compare  the  p^rformaDce  of  these  mills  still 
further.    The  speeds  of  the  wheels  and  the  horsepowers  are  as  follows : 

Comparison  of  reatdts  for  IG-foot  pumping  Aermotor  and  l&-foot  power  Aermotor. 


Number  of  revolu- 

tions of  wind  wheel 

Horsepower 
wind  velo 

at  g 
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per  minute  at  given 
wind    velocfties 

•cities (per 
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hour). 

Mill. 
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revolu- 
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wheel. 
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ss 
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s 

^ 

FtAhs. 

16-foot  pamping  mill  (No.  9). 

81 

42 

52 

6» 

0.325 

0.433 

0.548 

0.001 

0.804 

16-foot  power  mill  (No.  44) . . . 
Bstio  of  pnmp  power  to  mill 

28 

41 

60 

58 

0.45 

0.65 

0.80 

0.96 

0.528 

power - 

0.72 

0.67 

0.69 

0.63 

0.58 

It  will  be  seen  that  the  wind  wheel  of  the  pamping  mill  is  making 
from  one  to  two  more  revolutions  per  minute  than  that  of  the  power 
mill. 

Comparison  of  22.6'fooi  pumping  mill  {No,  S6)  with  22,5'foot  pmver 
mill  {No.  49). — In  this  comparison  we  will  use  the  curve  of  5  pounds, 
or  1,087  foot-pounds,  per  revolution  of  wind  wheel  as  the  speed  for 
this  load,  corresponding  more  nearly  with  that  for  the  pump  load 
than  any  other.  The  speeds  of  the  mills  and  the  horsepowei-s  are  as 
follows: 

Comparison  of  results  for  2iS,5'foot  pumping  mill  and  22,6»foot  power  mill. 


f 

Mill. 

Number  of  revolu- 
tions of  wind  wheel 
per  minute  at  friven 
wind    velocities 
(per  hour). 

Horsepower  at   given 
wind  velocities  (per 
hour). 

Load 
per 
revolu- 
tion of 

wind 
wheel. 

i 
1 

23 

1 

s 

1 

a 

20 
22 

i 

1 
9 

a 

1 

8 

1 

a 

23. 5-foot  pumping  mill  (Na  36) . . 

22. 5-foot  power  mill  (No.  49) 

Ratio  of  pump  power  to  mill 
poiirer.. ......... 

12 
11 

17 
18 

24 
26 

0.090 
0.342 

0.26 

0.124 
0.693 

0.20 

0.160 
0.724 

0.20 

0.182 
0.856 

0.22 

Ft.lba. 
0.248 
1.087 

0.23 

The  efficiency  of  the  pump  is,  therefore,  not  more  than  22  per  cent. 
The  ratio  of  useful  loads  is  22  per  cent.  (For  description  of  pumping 
mill  No.  36,  see  pages  52  to  53,  Part  I.) 
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VRIX>C1TY  OF  WIND  IN  MTL.E8  PER  HOUR. 
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EFFECT  OF   TENSION  OF   SPRING  ON   SPEED  AND    HORSEPOWER 

OF  MILL. 

The  effect  of  tightening  the  spring  which  holds  the  wind  wheel  of 
mill  No.  18  in  the  wind  has  been  shown  on  page  44,  Part  I.  The  effect 
of  a  reduction  in  the  tension  of  the  spring  of  the  l(>-foot  power  mill 

(No.  44)  is  shown  in  fig.  57.  The 
curve  ao!  is  for  no  load  and  the 
spring  new  and  stiff.  The  curve 
ao!'  is  for  the  same  load  (none) 
and  spring  after  the  mill  had 
been  out  of  use  about  eight 
months.  It  will  be  seen  that 
these  curves  coincide  up  to  a 
velocity  of  about  10  miles  an 
hour,  after  which  they  separate 
rapidly.  In  a  25-mile  wind  the 
number  of  revolutions  of  the 
wind  wheel  per  minute  has  been 
reduced  from  64.5  to  54  bv  the 
decrease  in  the  tension  of  the 
spring.  The  curve  hV  is  for  a 
3-pound  brake  load  with  relaxed 
spring.  It  will  be  seen  to  be 
nearly  parallel  to  the  curve  ao!\ 
showing  that  the  effect  of  the 
load  when  the  spring  is  relaxed 
is  similar  to  that  when  it  is  taut. 
We  see  how  important  a  factor 
tension  of  spring  is  on  the  power  of  a  mill.  It  also  shows  that  if  a 
spring  is  to  be  used  in  place  of  a  weight  there  should  be  some  easy 
way  to  change  its  tension. 

MATHEMATICAL  DISCUSSION  OF  TESTS  OF  TWO  AERMOTORS. 

In  this  discussion  the  wind  velocities  are  those  found  by  the  use  of 
the  Robinson  cup  anemometer.  A  comparison  of  these  velocities  with 
true  wind  velocities  will  be  given  later.  The  Aermotors  are  selected 
for  this  discussion  because  their  power  is  greater  than  that  of  any  other 
form  of  mill  that  we  have  tested,  and  because  their  speed  and  power 
curves  are  derived  from  a  greater  number  of  observations  than  those 
of  an}'^  other  mill. 

Discussion  of  te^t-s  of  12-foot  Aermotor  {No.  27), — The  curves  showing 
the  number  of  revolutions  of  wind  wheel  (called  speed  curves)  of  this 
mill  for  four  brake  loads  are  given  on  page  88 — fig.  35.  Each  of  these 
curves  is  seen  to  resemble  a  parabola  the  axis  of  which  is  the  x  coor- 
dinate axis  on  which  the  wind  velocities  are  marked.  Each  of  these 
has  the  form  t/*-*  =  a  +  hx,  in  which  x  is  the  wind  velocity  in  miles  per 


Fig.  57.— Diafirram  huowIur  effect  of  tension  of 
spring  of  mill  No.  44— 16-foot  Aermotor.  Curve 
aa'  is  for  no  load,  spring  new  and  stiff;  aa"  is 
for  no  load,  spring  relaxed,  mill  having  been  out 
of  use  eight  months:  bb'  is  for  3-pound  brake 
load  with  relaxed  spring. 
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hour,  y  the  speed  of  wind  wheel  in  revolutions  per  minute,  and  a  and 
b  constants.  For  the  curve  of  no  load  (0)  we  have  1/  =  50  when  x  =  1 2, 
and  y  =  75  when  x  =  20.     Hence  we  have 

50^  =  a  +  126,  and 
752  =  a  -I-  206. 

Solving  these,  for  a  and  6  we  have  a  =—  2,187  and  6  =  391;  and  the 
iM^uation  of  the  curve  is 

7/2=- 2,187 +  391a:.  (1) 

For  the  speed  curve  of  2  pounds  we  see  that  y  =  43  when  x  =12,  and 
that  2/  =  70  when  x  =  20.     Hence  we  have 

432  =  a +  126,  and 
702  =  a  +  206. 

Solving  these,  we  have  a=  —2,728  and  6  =  381;  and  we  have  the 
eciuation  of  this  2-pound  curve 


1/3  =  -  2,728  +  381a;. 


(2) 


Proceeding  in  a  similar  way,  we  have  for  the  equation  of  the  4-pound 

curve 

1/2  =  -  4,384  +  424a;.  (3) 


For  the  equation  of  the  6-pound  curve  we  have 

2/2  =  -  9,400  -h  595x. 


(4) 


(3 


The  speed  as  determined  by  measurement  and  as  found  from  these 
quations  for  several  wind  velocities  is  shown  the  following  table. 

The  starting  velocities  are  found  by  making  y  =  0  and  solving  for  x 
in  equations  1  to  4. 

Table  sJuncing  revolutions  per  minute  of  12'foot  Aermotor  (No.  87)  under  differc^ttt 

loads  and  at  different  wind  velocities. 


No  load. 

^pound  load. 

4-ponnd  load. 

Bpound  load. 

Wind  velocity  per  hour. 

Meas- 
ured. 

Rev. 
30 
49 
63 
75 
87 
4.5 

Com- 
puted. 

Meas- 
ured. 

Rev. 
16 
43 
57 
70 
81 
7.0 

Com- 
puted. 

Rev. 
18 
43 
58 
70 
82 
7.1 

Meas- 
ured. 

Com- 
puted. 

Meas- 
ured. 

Com- 
puted. 

8  miles 

Rev. 
30 
50 
64 
75 
87 
5.6 

Rev. 

Rev. 

Rev. 

Rev. 

12  miles 

28 

48 
65 
77 
10.2 

27 
49 
64 
78 
10.3 

16  miles 

20  miles 

25  miles .'... 

Starting  velocity . . 

. - _ ... 
. - _ ... 

12 
50 
72 
15.8 

10 
50 
74 
15.8 

If  the  origin  of  coordinates  for  equation  1  be  moved  to  the  point 
where  the  curve  crosses  the  axis  of  x,  the  equation  will  then  be  of  the 
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form  t/*  =  391a;',  from  which  we  have  y=^  i/391aj';  that  is,  the  speed 
for  a  constant  load  increases  as  the  square  root  of  the  wind  velocity. 

The  close  agreement  between  the  measured  and  computed  speeds, 
especially  for  the  curve  of  no  load,  is  noticeable.  The  measured  and 
computed  st>arting  velocities  differ  somewhat.  This  was  expected, 
since  it  is  difficult  to  get  the  starting  velocities  from  observation. 

Hereafter  in  this  discussion  the  computed  instead  of  the  observed 
speeds  and  starting  velocities  will  be  used.  It  must  be  remembered, 
however,  that  these  are  not  what  may  be  called  theoretical  results. 
They  are  obtained  from  measurements,  not  from  theory,  and  are  the 
adjusted  values  of  the  observed  quantities. 

The  power  curves  for  this  mill  for  three  brake  loads  were  platted,  but 
are  not  published  because  of  lack  of  space.  The  curves  are  parab- 
olas with  their  axes  horizontal.  This  follows  at  once  from  the  fact 
that  the  corresponding  speed  curves  are  parabolas.  The  power  is 
proportional  to  the  product  of  the  load  and  speed.  When  the  load  is 
constant,  as  it  is  for  one  of  these  speed  curves,  the  power  varies  as  the 
speed,  and  hence  the  load  curves  are  parabolas. 

The  equation  of  any  one  of  the  curves — as,  for  example,  the  2-pound 
curve — may  be  found  as  follows:  The  formula  for  horsepower  is 
H.  P.  =  2  ^  RuL  4-  33,000,  iJ  =  35.5  -h  12  and  i  =  2.     Hence  H.  P.  = 

2  X  22 -r  7  X  6  X  35.5  X  2  X  i/  -^  T2  X  33,000  =  0.0067u  =  Ku  where  K 
=  0.0067. 

In  the  speed  equatiouB  u  is  what  we  have  called  t/,  and  t/  =  —  2,728 
+  381jr.     Hence— 

H.  P.  =  iSTi/  =  K^|^^^2JW+^Slx,  and 

(H.  P.)«  =  if  2  ( -  2,728  +  381a;)  =  -  0. 1225  -f  0.017a!.  (5) 

In  the  diagram  of  power  curves,  platted  but  not  reproduced  here, 
the  curve  of  maximum  power  was  found  to  resemble  a  parabola  the 
axis  of  which  was  vertical  with  its  vertex  on  the  y  coordinate  axis  below 
the  origin.  The  form  of  its  equation  is  aj*  =  a  -h  &t/,  x  being  the  wind 
velocity,  in  miles  per  hour,  y  the  horsepower,  and  a  and  b  constants. 
For  i  =  5,  t/  =  0,  and  for  a;  =  20,  i/  =  1.05.  Substituting  these  values 
in  the  above  equation  we  have:  25  =  a,  and  400  =  a+  1.056.  From 
these  we  have:  a  =  25,  &  =  357,  and  the  equation  of  the  maximum 
power  curve  is — 

or^  =  25  +  357i/.  (6) 

For  X  =  5,  10,  15,  20,  and  25,  y  has  the  values  0,  0.21,  0.56,  1.05,  and 
1.69,  which  agree  closely  with  those  taken  from  the  curve. 

For  the  mill  to  yield  the  greatest  amount  of  power  possible  the  load 
should  increase  as  the  wind  velocity  increases.  In  an  8.5-mile  wind 
a  2-pound  load  gives  the  maximum  power;  in  a  14-mile  wind  a  4-poQnd 
load  gives  the  maximum  power,  and  in  a  21-mile  wind  a  6-pound  load 
gives  the  maximum  power. 

We  wish  to  determine  how  the  load  and  speed  of  the  mill  vary  with 
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the  wind  velocity  for  the  curve  of  maximum  power.  The  load  curves 
were  found  to  be  tangent  to  the  curve  of  maximum  power  for  loads 
and  velocities  about  as  follows:  The  0  curve  is  tangent  at  j;  =  5,  the 
2-pound  curve  at  x  =  8.5,  the  4-pound  curve  at  x  =  21.  For  a  con- 
stant increment  of  2  pounds  in  the  load  the  increment  of  wind  velocity 
changed  from  3.5  miles  to  7  miles.  Hence  the  velocity  increases 
faster  than  the  loading.  For  each  of  these  four  points  on  the  curve 
the  load  and  horsepower  are  known.  Hence  we  can  find  the  number 
of  revolutions  from  the  equation — 


H.P.  =  2x?rxJRxr,  X4XZ/-T-  33,000. 


(7) 


The  wind  velocities,  loads,  powers,  and  speeds  for  these  four  points 
of  tangency  are  as  follows: 

Data  regarding  points  of  tangency  of  power  curves  with  curves  of  maximum  power 

of  Aermotor  No,  27, 


Wind  velocity  per  hour. 

Load. 

Horsepower. 

Bevolntions 
per  minute. 

5  miles 

Pounds. 
0 
2 
4 
6 

0 
0.13 
0.50 
1.15 

0 
19 
38 
57 

8.5  miles 

14miles 

21  miles 

The  speeds,  in  revolutions,  as  here  given  are  platted  in  fig.  35,  giv- 
ing the  curve  PQ^  which  is  the  speed  curve  for  maximum  power.  The 
proper  load  for  maximum  power  can  now  be  found  for  any  wind  veloc- 
ity from  equation  7,  the  speed  being  taken  from  this  speed  curve. 
T'he  ratio  of  the  speed  at  maximum  load  to  the  speed  at  0  load,  for 
the  wind  velocities  10, 15,  and  20  miles  an  hour,  is  0.63,  0.70,  and  0.74, 
respectively,  showing  quite  an  increase.  The  following  table  gives 
additional  information  in  regard  to  speed  and  load  for  the  curve  of 
maximum  power: 

Data  regarding  speed  and  load  for  curve  of  maximum  power  of  Aermotor  No.  27, 


Wind  velocity 
per  hour. 

Load  per 

rerolntion 

of  wind 

wheel. 

Revolu- 
tions per 
minnte. 

L-L'. 

S-S'. 

LS. 

LS- 
L'S'. 

A«. 

Smiles 

10  miles,... 

15  miles 

20  miles.... 

PonindB. 

0 

2.1 

4.0 

5.9 

0 
25 
41 
55 

2.1 
1.9 
1.9 

25 

16 
14 

52."  5 
160.4 
324.5 

52.5 
107.9 
164.1 

56.2 

Tbe  fourth  column  gives  the  differences  between  the  successive 
loads,  or  the  increments  of  loading.  These  are  seen  to  decrease  some- 
what, showing  that  the  load  does  not  increase  quite  as  fast  as  the 
wind  velocity.  The  fifth  column  gives  the  differences  between  the 
successive  sx)eeds,  and  shows  that  the  speed  docs  not  increase  quite 
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as  fast  as  the  wind  velocity.  The  sixth  column  gives  the  products  of 
the  loads  and  speeds,  which  is  proportional  to  the  horsepower.  The 
seventh  column  gives  the  increments  of  horsepower,  the  eighth  col- 
umn the  difference  between  the  figures  in  the  seventh  column.  These, 
being  nearly  constant,  show  that  the  curve  of  maximum  jwwer  is  of 
the  second  degree. 

The  following  table  contains  additional  interesting  information  in 
i^egard  to  the  speed  of  this  mill : 

Data  in  regard  to  speed  of  mill  No.  27 — 13-foot  Aermotor, 


Wind  velocity  per 
hour. 

Revolu- 
tions per 
minute, 
no  load. 

Circumfer- 
ence velocity, 
in  miles, 
no  load. 

12.9 
21.0 
27.0 
32.1 
37.3 

Ratio  of  cir- 
cumference 
velocity  to 

wind  velocity, 
no  load. 

Revolu- 
tions per 
minute  at 
maximum 
load. 

Ratio  of 
speed  at 

maximum 
load  to  speed 

at  no  loiad. 

0.57 
0.65 
0.70 
0.72 

Smiles 

12  miles 

16  miles 

20  miles. 

25  miles 

30 
49 
68 
75 

87 

1.61 
1.75 
1.70 
1.60 
1.50 

17 
32 
U 
54 

The  results  obtained  from  this  12-foot  mill  may  be  stated  hb  follows, 
in  terms  of  cup  anemometer  velocities: 

(1)  The  speed  of  the  wheel  for  a  constant  load  varies  as  the  squar** 
root  of  the  wind  velocity. 

(2)  The  speed  of  the  wheel  for  maximum  load  increases  slightly- 
faster  than  the  first  power  of  the  wind  velocity. 

(3)  The  power  of  the  mill  for  a  constant  load  varies  as  the  square 
root  of  the  wind  velocity. 

(4)  The  maximum  power  of  the  mill  varies  as  the  square  of  the 
wind  velocity. 

(5)  The  load  for  maximum  power  does  not  increase  quite  as  fast  as 
the  wind  velocity. 

(6)  The  ratio  of  speed  for  maximum  load  to  the  speed  for  no  load 
increases  somewhat  with  the  wind  velocity. 

Discussion  of  tests  of  16-foot  Aermotor  No.  jU. — The  speed  curves 

for  this  mill  are  shown  in  fig.  42.     They  are  seen  to  resemble  the 

parabolas  with  horizontal  axis.     The  equation  of  each  has  the  form 

y^=:a+bxy  y  being  the  speed  in  revolutions  per  minute,  x  the  wind 

velocity  in  miles  per  hour,  and  a  and  b  being  constants  for  any  curve. 

We  see  that  for  dj=12,  2/=38,  and  that  for  cc=20,  t/=56.     Hence  we 

have 

382=a+ 126,  and 

562=a+20b. 

Solving  these  equations,  we  have  a=— 1,094,  b=211.5,  and  the  equa- 
tion of  the  no-load  speed  curve  is 


?/=— 1,004+ 211. 5x. 


(S) 
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Proceeding  in  a  similar  way,  we  have  for  the  equation  of  the  3-pound 
load  speed  curve 


i/*=-l,790+214.5a;. 


(9) 


For  the  5-pound  load  we  have 


t^2= -2,304+2120-. 


(10) 


For  the  8-pound  load  we  have 


2/«=-2,715+197£c. 


(11) 


The  speed  and  starting  velocities  as  computed  from  these  equations 
and  as  found  by  measurement  are  as  follows: 

Speed  and  starting  velocities  for  16-foot  Aermotor  No,  44,  \ 


Wind  Telocity  per  hour. 

Koload. 

3-pound  load. 

5-pound  load. 

8-pound  load. 

Meas- 
ured. 

Com- 
puted. 

24.0 

Meas- 
ured. 

Com- 
puted. 

Meas- 
ured. 

Com- 
puted. 

Meas- 
ured. 

Com- 
puted. 

8  miles 

28.0 
38.0 
48.0 
56.0 
64.5 
4.5 

,    12  miles 

38.0 

28.0 

28.0 
40.0 
50.0 
60.0 
8.8 

18 
88 
44 
54 
11 

15.0 
88.0 
44.0 
54.0 
10.9 

16  miles 

48.0 

56.0 

65.0 

5.1 

41.0 

50.0 

59.0 

8.0 

16.6 
36.0 
47.0 
14.5 

26.6 
35.0 
47.0 
13.8 

20  miles 

25  miles 

Starting  velocity.. 

The  computed  values  are  seen  to  agree  closely  with  the  measured 

values,  so  that  these  speed  curves  are  parabolas  of  the  form  y = %/a+  bx. 
The  power  curves  shown  in  fig.  43  are  parabolas  of  this  form  for  the 
reason  given  for  the  corresponding  case  of  the  12-foot  Aermotor.  The 
curve  of  maximum  power  to  which  these  power  curves  are  tangent  is 
a  parabola  with  its  axis  vertical.  Its  equation  has  the  form  jr^=(i  -f  by. 
We  may  obtain  the  data  for  finding  the  value  of  a  and  b  by  observing 
that  when  ic=10,  2/=0.30;  and  that  when  x=20,  t/=1.55. 

We  have 

102=a +0.306,  and 

208=a+ 1.556. 
Solving  these,  we  have  a =28,  6=240,  and  the  equation  of  the  curve  is 


ar^=28-|-240?/. 


(12) 


The  values  of  1/ for  four  values  of  ic  are  a: =8,  2/=  15;  .t=12,  ?/=0.48; 
x=16,  i/=0.95;  and  ic=20,  t/=1.55.  It  will  be  seen  that  these  values 
ag^rc^  closely  with  the  measured  horsepower  for  these  velocities.  By 
making  x=0  in  equation  12  we  have  y=  —0.125.  The  vertex  of  this 
maximum  power  curve  is  at  a  distance  0.125  below  the  axis  of  x.  If 
the  origin  of  coordinates  be  changed  to  this  point,  equation  12  will 
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take  the  form  x^=K  y',  K  being  a  constant  and  y'  the  horsepower 
referred  to  the  new  origin.  Hence  we  see  that  the  maximum  horse- 
power varies  as  the  square  of  the  wind  velocity. 

To  find  the  variation  of  the  speed  and  load  for  this  curve  DK^  we 
notice  that  the  3-pound  curve  is  tangent  at  ic=10.5,  the  5-pound  curve 
at  a;=14,  the  8-pound  curve  at  a;=19,  and  the  11-pound  curve  at  a:=24. 
The  horsepower  is  known  at  these  points,  so  that  the  speed  can  be 
found  from  equation  7. 

The  wind  velocity,  load,  horsepower,  and  speed  for  each  of  these 
points  are  as  follows: 

Data  regarding  points  of  tangeney  of  power  curves  with  curves  of  maximum  power 

of  Aermotor  No,  27. 


Wind  velocity  per  hour. 


5  miles . . . 
10.5  miles 
14  miles -- 
19  miles.. 
24  miles  . 


Load. 


Pounds 
0 
3 
5 

8 
11 


Horsepower. 


0 
0.33 
0.70 
1.40 
2.17 


Revolntions 
per  minute. 


0 
21 
26 
33 
37 


The  speeds  here  found  are  platted  in  fig.  42,  giving  the  curve  PQ^ 
which  gives  the  speed  of  the  wheel  for  the  maximum  load.  This  curve 
is  seen  to  be  a  nearly  straight  line  for  velocities  above  9  or  10  miles 
an  hour.  Hence  we  may  say  that  the  speed  increases  as  the  first 
power  of  the  wind  velocity  for  maximum  power. 

The  load  for  any  wind  velocity  can  now  be  found  from  the  formula 

H.  P.  =  33  (W)>  ^^  speed  being  taken  from  the  speed  curve  PQ. 

Or  the  loads  can  be  measured  from  the  load  curve  JBS,  fig.  42.  This 
load  curve  (PS)  for  maximum  power  is  seen  to  be  a  straight  line,  show- 
ing that  for  wind  velocities  above  9  or  10  miles  an  hour  the  load  for 
maximum  power  varies  nearly  as  the  first  jK)wer  of  the  wind  velocity. 
The  following  table  contains  some  interesting  facts  in  regard  to  the 
working  of  this  mill: 

Data  in  regard  to  speed  of  mill  No.  44 — IS-foot  Aermotor, 


Wind  velocity 
per  hour. 

1 

No  load. 

Maximum  load. 

Ratio  of 
speed  At  1 

mazl>     1 

mam 

load  to 

speed  &t 

no  load. 

Revolu- 
tions per 
minute. 

Circum- 
ference 
velocity 
in  miles. 

Ratio  of 
circum- 
ference 
velocity 
to  wind 
velocity. 

Revoln- 
tions per 
minute. 

Circum- 
ference 
velocity 
in  miles. 

Etatloof 

circum 

ference 

velocity 

to  wina 

velocity. 

Smiles 

12  miles 

16  miles 

20  miles 

25  miles 

28 
88 

48 
56 
64 

18.2 
21.7 
27.4 
32.0 
86.6 

1.67 
1.81 
1.71 
1.60 
1.46 

15 
23 
29 
34 

88 

8.6 
13.2 
16.6 
19.4 
21.6 

1.08 
1.10 
1,04 
0.97 
0.86 

0.65 
0.61 
0.6O 
0.6O 
0.60 

Tl 


AOTION   OF   AlE   ON   SAIL   OF   AEBHOTOB. 


117 


It  will  be  Been  that  the  ratio  of  the  cireumferenee  velocity  of  the 
wheel  to  the  wind  velocity  increases  to  12  Toiles  au  hour  and  then 
decreases.     In  a  12-mile  wind  the  circumference  of  the  wheel  is  mov- 
ing  1.81  times  faster  than  the  wind  that  drives 
it.     It  will  be  seen  also  that  the  circumference 
velocity  of  the  wheel  when  carrying  the  max- 
imum load  is  about  equal  to  that  of  the  wind 
that  drives  it,  and  that  the  speed  of  the  wheel 
when  carrying  a  masimnm  load  is  about  39  per 
cent  less  than  its  speed  when  carrying  no  use- 
ful load. 


It  is  not  our  purpose  to  discuss  this  action 
from  a  theoretical  point  of  view,  but  to  explain 
it  from  the  observed  and  computed  results  of 
the  16-foot  Aermotor.  Fig.  58  shows  the  con- 
cave surface  of  one  sail  of  a  16-foot  Aermotor  in 
a  nearly  horizontal  position  as  it  moves  down- 
ward ;  w  represents  the  velocity  of  the  wind,  and 
p  the  circumference  velocity  of  the  sail.  The 
curve  JAE,  fig.  59,  shows  the  outer  end  of  the 
.sail,  and  io,  in  fig.  60,  shows  the  inner  end.  The 
cords  of  these  arcs, 
or  the  plane  of  the 
sail,  makes  an  angle 
{JOP)  of  30°  witii 
the  plane  of  the 
wheel.  The  point 
E,  fig.  59,  repre- 
sent«  a  particle  of 

air  as  it  comes  in     ^°'  "■^*^'  "'  i**^'™'  Aer- 
contact    with    the 

sail  when  the  wheel  is  carrying  its  best 
load;  EF  represents  the  velocity  of  the 
wind,  EH  the  velocity  of  this  point  of  the 
sail ;  then  EO,  the  other  side  of  the  paral- 
lelogram constructed  on  EH  and  EF,  is 
the  velocity  of  this  particle  of  air  over  the 
sail;  EO  is  not  tangent  to  the  sail.  The 
point  A  represents  a  particle  of  air  as  it 
comes  in  contact  with  the  moving  sail, 
when  the  mill  is  carrying  no  load;  AC 
represents  the  relative  velocity  of  the  particle  of  air.  It  will  be  seen 
t.hat  the  air  does  not  enter  the  sail  tangent  to  it,  but  more  nearly 
t<angent  for  best  load  than  for  no  load. 
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In  ^^.  60  I  repi*eseiits  a  particle  of  air  as  it  strikes  the  inner  end  of 
the  sail  when  the  mill  is  carrying  no  load,  and  a  repi-esents  a  particle 
of  air  as  it  strikes  the  inner  end  of  the  sail  when  the  mill  is  carrying 
its  maximum  load.  It  will  be  seen  that  the  air  does  not  strike  the  sail 
tangent  to  it  at  any  place  for  any  load,  but  that  it  is  most  nearly  tan- 
gent at  the  outer  end  of  the  sail  at  maximum  load.  In  order  for  the  air 
to  enter  the  sail  tangent  to  it  at  maximum  load,  the  angle  POJ  should 

l)e  a  little  greater  than  30°  at  the  outer 
end,  and  considerably  greater  than  30°  at 
the  inner  end.  As  the  load  is  decreased 
the  angle  POJ  should  be  decreased. 

USEFUL  WORK  OF  TWO  POWER  MILLS 
IN  A  GIVEN  TIME. 

We  can  find  the  useful  work  of  the  12- 
foot  and  the  16-foot  Aermotors  in  a  year, 
as  we  have  for  two  pumping  mills  (pp.  69- 
71).  For  this  purpose  we  will  use  the 
mean  wind  movement  at  Dodge,  Kansas, 
from  1889  to  1893,  as  given  by  Mr.  Willis 
L.  Moore,  Chief  of  Weather  Bureau.* 
The  mean  number  of  hours  per  month 
that  the  wind  velocity  was  0  to  5,  6  to  10, 
etc.  miles  an  hour  at  this  place  is  given  in  the  following  table,  also 
the  mean  horsepower  of  these  two  mills  for  each  month.  The  num- 
ber of  horsepower  hours  for  each  mill  each  month  is  given  at  the 
bottom  of  the  table.  The  horsepower  hours  for  any  month  are 
found  by  multiplying  the  number  of  hours  by  the  horsepower  and 
adding  the  products. 


rv  X 


Fig.  fio. 


-Inner  end  of  sail  of  10-foot 
Aermotor. 


Table  shoimru 

7  vseful  tvor 
Mean  wind 

k  of  L 

i-foot 

and  16'foot 

Aermotors 

in  a  year. 

Month. 

movement  a 
1889-189S 

t  Dods 

21  to  25 
miles. 

fe,  Kan 

26  to  30 
miles. 

Lsas, 

81-1- 
milee 

Hrs. 

7.4 

6.8 

22.3 

43.2 

29.8 

28.8 

7.4 

7.4 

21.6 

14.9 

14.4 

7.4 

Totol 
hours. 

744 
677 
744 
720 
744 
720 
744 
744 
720 
744 
720 
744 

Horaepower 
hours. 

0to5 
miles. 

6  to  10 
miles. 

Hrs. 
253.0 

11  to  15 16  to  30 
miles,  miles. 

12-foot 
milL 

16-foot 

mm. 

Era. 
200.9 

Hrs. 
1S6.2 
128.6 

Hrs. 
74.4 
74  4 

Hrn. 
37.2 
40.6 
59.5 
72.0 
74.4 
86.4 
59.5 
59.5 
TZ.O 
52.1 
36.0 
44.6 

Hrs. 
14.9 
20.3 
29.8 
43.2 
37.2 
50.4 
22.8 
14.9 
36.0 
22.8 
14.4 
14.9 

260.6 
251.6 
386.6 
461.2 
433.9 
452.0 
839.8 
297.5 
879.6 
294.0 
244.9 
263.2 

356.0 
a6L5 
568.9 

871.3 
6SB.4 
668.2 
489.3 
427.6 
660.5 
428.6 

February 

176.0  1  230.1 
126.5     208.3 

March 

178.6  1  119.0 
158.4  1  115.2 
171.1  1  119.0 
136.8  1  108.0 
178.6     119.0 

April 

115.2 
119.0 
122.4 
141.4 
178.6 
165.6 
208.3 
194.4 
186.0 

172.8 
198.5 
187.2 
215.8 
290.6 
180.0 
230.6 
266.4 
287.9 

May 

Jnne 

July 

August 

156.3 
151.2 
141.4 
129.6 
141.4 

96.7 
93.6 
74.4 

64.8 
81.8 

September 

October 

November 

December 

8S0.9 
874.6 

Mean 

I 

837.8 

487.6 

Horsepower  16- 
foot  mill 

0.13 
0.10 

0.56 
0.41 

1.25 
0.85 

2.00 
1.86 

"■**** 

3. 
2. 

15 
12 

Horsepower  12- 
tootmill 

t 

1  Some  Climatic  Features  of  the  Arid  Region,  by  Willis  L.  Moore.    Washington,  1896w 
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The  work  done  by  these  mills  is  greatest  at  this  place  in  April 
(401  hoi-sepower  hours  for  the  12-foot  and  671  horsepower  hours  for  the 
IG-foot)  and  least  in  November  (245  horsepower  hours  for  the  12-foot 
and  .*J51  horsepower  hours  for  the  16-foot).  The  mean  monthly  power 
is  338  for  the  12-foot  mill  and  488  for  the  16-foot  mill.  Stating  these 
results  in  another  way,  we  may  say  that  the  12-foot  mill  at  this  place 
will  furnish  on  an  average  1.3  horsepower  10  hours  a  day  for  26  days 
a  month,  and  the  16-foot  mill  will  furnish  1.9  horsepower  10  hours  a 
day  for  26  days  a  month.  It  must  be  remembered  that  the  wind 
velocity  on  the  Great  Plains  is  considerably  greater  than  in  the  east- 
ern part  of  the  United  States,  and  that  consequently  the  horsepower 
hours  of  these  mills  when  used  in  New  York  State,  for  example,  will 
be  considerably  less  than  those  given  in  the  foregoing  table. 

MATHEMATICAL  DISCUSSION  OP  TESTS  OP  JUMBO  MILL  NO.  55. 

On  page  46  we  have  given  the  results  of  tests  of  a  15.5-foot  Jumbo 
mill   working  two  6-inch  pumps.     In   order  more   fully  to   deter- 
mine the  power  of  this  mill  and  it«  variation  with  the  number  and 
size  of  the  sails,  we   have  had  constructed  mill  No.  55,  shown   in 
PI.  XVI,  B.     It  is  made  of  wood,  the  parts  being  fastened  together 
with  bolts.     The  diameter  is  7.75  feet;  length  of  sails,  11^  feet.     There 
are  8  sails,  each  made  of  two  boards  11^  feet  long  and  8  inches  wide. 
There  is  no  governor  or  other  method  of  regulating  the  speed  of  the 
mill  at  high  wind  velocities,  as  in  other  mills,  but  there  is  a  large  door 
or  shield  on  each  side.     By  opening  these  the  mill  may  be  stopped. 
The  mill  is  not  fastened  to  the  ground,  but  may  be  moved  around  by 
hand  so  that  the  wind  strikes  the  sails  at  right  angles.     The  shaft  is 
4  by  4  inches  and  14  feet  long,  carefully  turned  down  in  a  lathe  to  a 
diameter  of  3  inches  near  e»ich  end.     The  friction  brake  is  of  wood, 
has  an  arm  about  3^  feet  long,  and  is  made  so  as  to  fit  on  the  end  of 
the  shaft.     Oil  was  freely  used  on  the  brake.     It  was  not  found  practi- 
cable to  use  loads  greater  than  about  6  pounds  on  a  35-inch  arm,  as 
the  friction  burned  the  shaft;  but  the  results  for  the  four  loads  used 
showed  that  up  to  the  maximum  load  the  speed  of  the  wheel,  or  the 
number  of  revolutions  per  minute,  varies  directly  as  the  load,  so  that 
we  can  easily  compute  the  load  and  speed  for  maximum  power  in  any 
wind  velocity.     The  weight  of  the  wheel  with  its  8  sails  was  about  450 
pounds.     The  coefficient  of  axle  friction  for  well-oiled  yellow  pine  is 
probably  about  0.10,  so  that  the  axle  friction  was  about  45  pounds. 
This  weight  (45  pounds),  acting  with  a  14^-inch  arm,  is  equivalent  to 
about  2  pounds  applied  on  the  brake  with  a  35-inch  arm.     The  friction 
on  starting  is  probably  50  to  100  per  cent  greater  than  the  friction  of 
motion.     The  0  brake  load  then  really  corresponds  to  a  brake  load 
of  2  or  more  pounds. 

Four  sets  of  tests  were  made  of  this  mill,  numbered  1,  2,  3,  and  4. 
In  the  first  set  the  full  sail  area  of  8  sails,  each  11^  feet  by  16  inches, 
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was  used.  The  number  of  revolutions  of  the  wheel  for  the  four  brake 
loads  of  0, 1.75,  2.5,  and  4.5  pounds  was  determined  for  velocities  from 
7  to  22  miles  an  hour.  In  the  second  set  of  tests  there  were  8  sails, 
each  having  an  area  of  11^  feet  by  8  inches;  that  is,  each  sail  was 
only  half  as  wide  as  those  used  in  the  first  set  of  tests.  In  the  third 
set  of  tests  the  sail  area  consisted  of  4  sails,  each  11^  feet  by  16 
inches;  that  is,  every  other  full  sail  was  removed.  The  fourth  set  of 
tests  was  made  to  determine  the  effect  of  concentrating  the  air  on  the 
sails  and  reducing  the  resistance  due  to  air  striking  the  shield  and 
glancing  upward  by  the  use  of  an  inclined  surface  of  approach  to 

wheel.     This  inclined 

▼KLiOCITT  OF  WIIfD  IN  MILKS  PER  HOUR. 

10  15  '^\  •» 


CO 

9i 
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Fio.  01.— Diaeraui  ahowiner  revolutions  of  wind  wheel  of  mill 
No.  65— 7.75-foot  Jumbo.  Curve  nmrked  0  is  for  no  brake 
load;  curve  marked  4i  is  for  a  brake  load  of  4.6  pounds. 


suiface  had  a  length  of 
7  feet  and  formed  an 
angle  of  11°  with  the 
horizontal. 

Tesi  No.  l.—ln  PI. 
XVI,  By  the  mill  is 
shown  with  8  sails,  eai^h 
11^  feet  by  16  inches. 
Fig.  61  shows  the  num- 
ber of  revolutions  of 
the  wheel  per  half  mile 
of  wind  for  two  load8 — 
0  and  4.5  x>ound8 — on  a 
35-inch  arm,  for  the 
wind  velocities  shown.  These  curves  for  a  mill  without  any  means  of 
governing  in  high  velocities  are  given  for  comparison  with  curves  of 
mills  having  a  governor.  It  will  be  seen  that  these  curves  are  nearl3' 
horizontal  straight  lines  beyond  the  point  of  maximum  revolutions 
per  half  mile.  Thus,  for  no  brake  load  the  revolutions  at  12  miles  are 
about  62,  and  at  25  miles  alx)ut  59.  In  a  mill  with  a  governor,  as,  for 
instance,  that  shown  in  fig.  36,  the  curve  is  more  inclined,  or  the  drop 
in  the  number  of  revolutions  is  greater. 

Fig.  62  shows  the  number  of  revolutions  per  minute  for  several 
loads,  fig.  63  shows  the  horsei)ower. 
The  results  of  these  tests  are  as  follows: 

Bestdts  of  testa  of  Jumbo  miU  No.  55  with  8  aaiU  11\  feet  by  16  inches. 


Load 

on 
brake. 

Load 
per  rev- 
olution 
of  wind 
wheel. 

Ftlb8. 
0 

32.0 
45.8 
82.5 

Revolutions  of  wind  wheel  per 
minute  at  given  wind  veloci- 
ties (per  hour). 

Horsepower  at  given  wind  velodtjee 
^per  hour). 

i 
a 

00 

i 
a 

24 

22 
20 
17 

1 

a 

'    CO 

f-i 

20  miles. 

1 

1 

00 

i 

1 

j 

a 

t 

a 

Lbt. 
0 

1.76 
2.5 
4.6 

11 

38 
30 

2rt 
25 

41 
88 
36 
33 

49 
45 
43 
40 

• ..... .... I 

0.022 
0.028 
0.043 

0.0R0 
0.(W 
0.063 

0.nRA 
0.060 
0.082 

aoc3  1 

0.060    , 
0.100    1 
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From  these  results  it  is  seen  that  the  reduction  in  the  number  of 
revolutions  per  minute  is  proportional  to  the  load.  For  example,  in  a 
20-mile  wind  a  44-pound  load  reduces  the  number  of  revolutions  from 
41  to  34,  or  1.75  revolutions  per  brake  pound.  The  power  =  27t  RnL  4- 
33,000,  where  n  =  the  number  of  revolutions  of  the  wheel  per  minute, 
L  =  the  load  on  brake,  in  pounds,  R  =  the  arm  of  brake  (35  inches), 
n  =  3.1416,  and  33,000  =  the  number  of  foot-pounds  per  minute  in  a 
horsepower.  We  may  write  the  power  thus:  P  —  KnL^  and  compute 
its  value  as  follows,  ^  being  a  constant  equal  to  2nR  -r-  33,000: 


Z  X  41  (revolutions)  X  0  (L) 
a:  X  33  (revolutions)  X  4.5  (L) 
a:  X  26  (revolutions)  X  8.5  (L) 
K  X  22.5  (revolutions)  X  10.5  {L) 
K  X  20.75  (revolutions)  X  11.4  (L) 
^  X  19       (revolutions)  X  12.5  (L) 


0 
148.5JSr. 
221. 0/T. 
236.  3A:. 
238. 6  a:. 
237. 5X. 
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Pj  is  seen  to  be  larger  than  any  of  the  other  values  of  P,  and  gives 
an  approximate  value   of    the 
I)ower  of  the  mill  for  that  wind 
velocity  (20  miles). 

We  may  find  a  more  accurate 
value  in  an  easier  way.  Let  x 
be  the  load  for  maximum  horse- 
power in  any  given  wind  veloc- 
ity. We  have  seen  that  1  pound 
of  load  reduces  the  speed  by 
1.75  revolutions.  Then  we  can 
write  P=jr  (41 -1.75a;)  (x). 
For  a  maximum  value  of  P  we 
must  differentiate  P  with  re- 
spect to  a;,  place  the  first  differ- 
ential coefficient  0,  and  solve 
for  X.  This  value  of  ic,  accord- 
ing to  calculus,  makes  the  power 
a  maximum.  Differentiating, 
we  have  P -r- dx  —  ^l—2{l,7bx) 
=  0.  Solving  for  x  we  have 
jc;  =  11.7  pounds.  The  corre- 
sponding value  of  the  revolu- 
tions of  the  wheel  per  minute  is  41—1.75  x  11.7  =  20.5  revolutions. 

For  a  25-mile  wind  we  have  a;  =  49  -r-  3.5  =  14  pounds,  and  ;/  =  16.5. 
In  a  similar  way  we  get  the  load  and  revolutions  for  maximum  power 
IRB  42—01 4 
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Fio.  82.— Diagram  showing  revolations  of  wind 
wheel  of  mill  No.  55— 7.75-foot  Jumbo.  Curves 
marked  0,  If,  2i,  and  4^  are  for  brake  loads  of 
0, 1.75, 2.5,  and  4.5  pounds,  respectively;  AB  is 
for  best  load. 
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for  other  wind  velocities.     These  and  the  corresponding  horsepowers 
are  as  follows : 

Values  for  the  curve  DK  {maximum  potver)  fig,  6S, 


Wind 

velocity 

(miles  per 

hour). 

Load  in 
poundH. 

3.1 

Revolu- 
tions of 
wind  wheel 
per  minute. 

6.0 

Horse- 
power. 

8 

0.010 

12 

7.0 

12.0 

0.046 

16 

9.4 

16.5 

0.086 

20 

11.7 

20.5 

0.133 

25 

14.0 

^4.5 

0.190 

The  curve  DK  is  nearly  a  parabola.     The  revolutions  per  minute 
for  the  best  load  are  seen  to  be  very  nearly  equal  to  the  wind  velocity 


VELOCITY  OF  WIND  IN  MILES  PER  HOUR. 
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Pig.  63.— Diaerram  showing  horsepower  of  mill  No.  55— 7.76-foot  Jumbo.  The  curves  show  tho 
horsepower  for  brake  loads  of  1.75, 2.5,  and  4.5  pounds,  respectively;  dotted  curve  DiT  shows 
maximum  power. 

in  miles.     These  are  platted  in  fig.  62,  giving  the  line  AB^  which  is 
nearly  straight. 


RELATION   BETWEEN  WIND  VELOCITY  AND   CIRCUMFERENCE  VELOCITY 

OF  WHEEL. 

If  we  multiply  the  number  of  revolutions  of  the  wind  wheel  for  any 
wind  velocity  by  24.4  feet  (the  circumference  of  the  wheel)  and  divide 
by  the  wind  velocity,  in  feet  per  second,  we  have  the  followii  g  results 
for  no  brake  load  and  for  best  load : 
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Table  showing  ratio  betieeen  wind  velocity  and  circumference  velocity  of  wheel. 


Load. 

Wind  V 

elocity  per  hoar. 

8  miles. 

12  miles. 

16  miles. 

20  miles. 

25  miles. 

1 

I 

No  load.. 
Best  load 

0.38 
0.21 

0.55 
0.27 

0.57 
0.28 

0.57 
0.28 

0.55 
0.27 

From  this  we  see  that  the  velocity  of  the  circumference  of  the  wheel 
is  not  more  than  57  per  cent  of  the  velocity  of  the  wind.  For  veloci- 
ties above  a  certain  amount  it  remains  nearl}'  constant  for  any  load. 
It  will  be  seen  too  that  the  speed  of  the  wheel  for  best  load  is  almost 
exactly  half  that  for  no  brake  load. 

Test  No.  2. — Sail  area,  11^  ^cct  by  8  inches — each  inner  half  sail 
removed.     The  results  of  this  set  of  tests  are  as  follows: 

Results  of  tests  of  Jumbo  mill  No.  55,  with  8  sails  11\  feet  by  8  inches. 


Beyolations  of  wind  wheel  per 
minnte  at  given  wind  veloci- 
ties (per  hoar). 

Horsepower  at  given  wind  velocities 
(per  hour). 

Load. 

■ 
00 

i 

i      i 

i 

i 

a 

a 

00 

i 

i 

i 

s 

1 

a      a 

a 

a 

a 

1 

a 

1 

9 

S        8 

n 

1-^ 

CD 
1-1 

8 

^ 

Pounds. 

Ft.4b». 

0 
3.25 

0 
5e.6 

9 

22 

17 

30           Xi 

47 
40 

26 

32 

0.081 

0.047 

... 

0.068 

0.072 

By  comparing  these  results  with  those  of  test  No.  1  it  will  be  seen 
that  the  number  of  revolutions  per  minute  for  no  load  is  from  two  to 
three  times  less  when  the  half  sails  are  used.  The  3^pound  load  with 
half  sails  gives  about  the  same  speed  as  the  4^pound  load  with  whole 
sails.  The  weight  of  the  wheel  is  reduced  about  40  i)er  cent,  which 
makes  the  reduction  in  speed  less  than  it  would  be  if  the  weight  of  the 
wheel  remained  constant.  It  will  be  seen,  then,  that  for  this  size  of 
wheel  very  little  power  is  gained  by  the  use  of  the  inner  8-inch  board 
of  each  sail.  It  is  quite  likely  that  sails  12  inches  wide  would  give 
fully  as  much  power  as  sails  16  inches  wide. 

Test  No.  S. — The  sail  area  was  4  sails,  each  11 J^  feet  by  16  inches — 
every  other  full  sail  i-emoved.  The  results  of  this  set  of  tests  were 
almost  the  same  as  those  of  test  No.  1.  There  was  no  measura- 
ble reduction  in  the  speed  of  the  wheel  when  every  other  full  sail  was 
removed.  The  weight  of  the  wheel  was  reduced  about  40  per  cent, 
and  consequently  the  friction.  The  gain  in  pressure  on  the  extra 
sail  area  is  counterbalanced  by  the  additional  friction. 

Test  No:  4- — The  sail  area  was  8  sails,  each  11^  feet  by  16  inches — 
the  same  as  for  test  No.  1.  There  was  an  inclined  surface  (shown  in 
PL  XVI,  B)  for  concentrating  air  on  sails  and  in  a  measure  prevent- 
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ing  an  upward  current  from  the  fronc  shield.  The  results  of  this  set 
of  tests  are  the  same  as  those  of  No.  1.  There  was  no  measurable 
increase  in  the  number  of  revolutions  when  the  mill  was  loaded  or 
unloaded,  or  when  the  incline  was  used  or  not  used. 

For  this  size  of  mill  4  sails  each  12  inches  wide  give  the  maximum 
power.  From  our  tests  of  other  mills  we  should  say  that  the  sail 
width  should  increase  directly  as  the  diameter  increases.  For  diam- 
eters of  12  feet  or  more  it  is  likely  that  the  addition  of  one  or  two 
more  sails,  say  5  for  a  12-foot  mill  and  6  for  a  16-foot  mill,  may 
increase  the  power  over  that  for  4  sails. 

In  1895  we  made  some  measurements  of  the  pressure  of  air  on  small 
curved  surfaces,^  from  which  we  infer  that  if  galvanized-iron  sails 
cur%'ed  to  a  radius  about  twice  the  width  and  with  the  concave  sur- 
face to  the  wind  were  used  the  power  of  the  mill  would  be  increased 
about  15  per  cent  over  that  with  the  plane  fans. 

Putting  the  results  of  these  tests  of  Jumbo  mills  in  the  most  prac- 
tical form,  we  have  the  following  as  the  proper  sail  area  and  the 
probable  horsepower  of  wooden  Jumbo  mills  in  a  16-mile  wind  when 
properly  loaded,  assuming  the  power  to  increase  as  the  square  of  the 
diameter: 

Table  shoicirig  proper  sail  area  and  probable  horsepoiver  of  Jumbo  tvoodeii  mills  in 

a  IS-niile  tvind. 


Diameter  of  wheel. 

Number  of 
sailR. 

Width  of 
sailH. 

Length  of 
sails. 

Horsepower. 

;      Sfeet 

4 
5 
6 
6 

Inches. 
12 
18 
24 
30 

Feet. 
12 
12 
12 
12 

0.09 
0.20 
0.36 
0.56 

12feet 

16feet 

20  feet 

The  formula  used  for  computing  the  pressure  on  a  series  of  plane 
surfaces  moving  in  the  direction  of  the  velocity  of  the  wind  is — 

P=F~(c-ry (a) 

In  this  i^is  the  area,  in  square  feet,  of  the  vane,  r  the  heaviness 
of  air  at  the  observed  temperature  and  barometric  pressure,  c  the 
velocity  of  wind,  and  v  the  velocity  of  wind  wheel,  each  in  feet  per 
second. 

The  heaviness  of  the  air  is  found  from  the  formula — 


B  To 


(&) 


In  this  To  is  the  absolute  temperature  in  centigrade  degrees. 


1  Kansas  University  Quarterly,  Vol.  IV,  July,  1695. 
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29     273 
From  equation  b  we  have  r=0.08XoQXbQT=0. 07  pound  per  square 

foot.  From  the  table  on  page  123  it  will  be  seen  that  for  maximum 
power  in  a  16-mile  wind  t;=0. 28c.  Substituting  in  equation  a  we  have, 
for  the  pressure  on  one  sail — 

P=11.5x^x0,07  (1-0.27)2  c2=4.1  pounds. 

The  arm  of  this  pressure  about  the  axis  of  the  wheel  is  about  3.0G 
feet.  Hence  the  moment  of  this  force  is  4.1x3.6=14.76  foot-pounds. 
This  moment  is  equal  to  the  moment  of  the  brake  load,  and  we  have 
14.76=35x,  and  x=4.24  pounds.  The  load  actually  carried  on  the 
brake,  including  friction,  is  about  8  pounds;  hence  nearly  half  of  the 
working  pressure  comes  from  wind  pressure  on  the  approaching  and 
receding  sails,  or  only  a  little  more  than  half  the  pressure  comes  from 
the  sail  which  is  at  the  highest  position  possible. 

MATHEMATICAL  DISCUSSION  OF  TESTS  OF  LITTLE  GIANT  MILL 

NO.  56. 

This  is  a  4.67-foot  mill  made  by  Mr.  C.  Hunt,  of  Wichita,  Kansas. 
These  mills  are  made  in  sizes  from  4  to  24  feet  in  diameter,  to  rest  on  a 
low  tower  or  on  a  building.  The  largest  one  yet  built  is  shown  in  PL 
XVI,  A.  It  is  used  for  grinding  wheat.  The  Little  Giant  mill  will 
be  seen  to  resemble  the  Jumbo  in  that  the  wind  wheel  moves  in  the 
direction  of  the  wind  and  not  across  it.  It  differs  from  the  Jumbo,  how- 
ever, in  having  a  vertical  axis  and  many  curved  iron  sails,  instead  of 
a  horizontal  axis  and  few  plane  wooden  sails.  The  wind  is  prevented 
from  striking  the  sails  as  they  come  around  toward  the  wind  by  a 
shield  which,  when  closed,  covers  about  one-third  of  the  circumfer- 
ence. The  shield  can  move  freely  about  the  axis  of  the  mill  and  has 
hinged  to  it  a  wing  which  can  be  held  at  right  angles  to  the  circum- 
ference. There  is  also  a  vane  fastened  to  the  shield,  to  aid  in  the 
government  of  the  mill.  When  the  wing  of  the  shield  is  closed,  the 
vane  takes  the  direction  of  the  wind  and  places  the  shield  directly  in 
front  of  the  wind  wheel,  shutting  off  the  wind  from  the  wheel. 
When  the  wing  is  open,  the  pressure  of  the  wind  against  it  carries 
the  shield  around,  admitting  the  wind  to  one-half  of  the  wheel.  By 
properly  placing  the  vane  and  using  the  proper  weight  on  the  wing, 
the  wind,  is  admitted  to  a  small  or  a  large  portion  of  the  wheel,  and 
thus  the  speed  of  the  wheel  is  regulated.  The  mill  receives  the  wind 
from  all  directions  and  regulates  automatically. 

Mill  No.  oC)  has  24  curved  iron  sails,  each  3  feet  10^  inches  long  and 
6^  inches  wide,  set  at  an  angle  of  27°  to  the  radius.  The  radius  of 
curvature  of  the  sails  is  7|  inches.  The  vertical  shaft  of  the  wind 
w^heel  has  a  beveled  cogwheel,  which* gears  into  another  beveled  cog- 
wheel on  a  short  horizontal  shaft.  The  latter  has  a  pitman  for  work- 
ing a  pump.     The  horizontal  shaft  on  which  the  brake  was  placed 
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was  geared  back  43h-13.  The  brake  arm  was  2  feet  10^  inches  long. 
The  number  of  revolutions  per  minute  of  the  brake  shaft  was  found 
for  the  four  loads  0,  2,  4,  and  6  pounds,  respectively.  The  corre- 
sponding speed  of  the  wind  wheel  is  found  by  multiplying  by  3^. 
The  results  of  the  tests  were  as  follows: 

Results  of  tests  of  Little  Oiant  miU  No.  56. 


Bevolutions  of  brake  Rhaf  t  per 
minute  at  given  wind  veloci- 
ties (per  hour). 

Horsepower  at  given  wind  velocities 
(per  hoar). 

Load. 
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Referring  to  fig.  64,  the  mill  will  be  seen  to  start  for  no  load  in  a 

light  wind — about  5  miles  an 
hour.  More  than  half  of  each 
speed  curve  is  a  nearly  straight 
line.  This  is  due  to  failure  to 
govern,  the  mill  being  held  wide 
open  all  of  the  time.  It  will  be 
seen  that  each  pound  of  load 
reduces  the  speed  about  two 
revolutions  per  minute  for  about 
0.67  of  each  curve.  Pig.  65 
shows  the  brake  horsepower  for 
three  loads — 2,  4,  and  6  pounds, 
respectively.  The  curve  DK,  to 
which  these  load  curves  are  tan- 
gent, shows  the  maximum  power 
of  the  mill.  This  curve  passes 
through  the  points  y  (horse- 
power) =0  when  X  (wind  veloc- 
Hence,  if  we  assume  this  curve 


Pio.  d4.'Diagram  showinff  revolutions  of  wind 
wheel  of  mill  No.  56-4.67-foot  Little  Giant.  The 
curves  marked  0, 2, 4,  and  6  are  for  brake  loads 
of  0, 2,  4,  and  6  pounds,  respectively. 


ity)=:5,  and  7/=0.024  when  a!=12. 

DK  to  be  a  parabola,  we  have  for  its  equation — 

ar^  =  4967/+25. 

The  horsepower  from  this  equation  and  from  fig.  66  is  as  follows, 
y'  being  taken  from  fig.  05: 
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Hortepower  of  mill  No.  66  at  given  vnnd  velocities. 
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It  will  be  seen  that  the  horsepower  of  this  mill  does  not  increase  as 
fast  as  the  square  of  the  wind  velocity.  From  fig.  65  it  will  be  seen 
that  the  2-pound  curve  is  tangent  at  8  miles,  the  4-pound  curve  at  12 
miles,  and  the  6-pound  curve  at  16  miles  an  hour.  Hence  the  load 
for  maximum  power  increases  about  as  the  first  power  of  the  wind 
velocity.  The  si)eed  of  the  brake  shaft  for  these  loads  is  6,  11,  and 
14  revolutions  per  minute,  respectively.  Hence  the  speed  of  the 
wind  wheel  does  not  increase  as  fast  as  the  first  power  of  the  wind 
velocity.  The  ratios  of  circumference  velocity  of  wind  wheel  to 
wind  velocity  for  no  load  and  for  maximum  load  for  five  wind  veloc- 
ities are  as  follows: 

Table  shotcing  relaiion  of  circumference  velocity  of  tvind  wlieel  to  vnnd  ijelocity. 


Wind  velocity 
per  hoar. 


8  miles 
12  miles 
16  miles 
20  miles 
25  miles 


No  load. 


Maximum  load. 


Bevoln- 

tions  of 

brake 

shaft  per 

minute. 


Circum- 
ference 
velocity 
in  miles 
per hour 


Ratio  of 
circum- 
ference 
velocity 
to  wind 
velocity. 


5.2 

9.9 

13.0 

16.1 

19.8 


0.65 
0.74 
0.81 
0.80 
0.79 


Revolu- 
tions of 
brake 
shaft  per 
minute. 


Ratio  of 
circum- 
ference 
velocity 


Circum- 
ference 
velocity 
in  miles 


Ratio  of 
revolu- 
tions at 
maxi- 
mum load 
to  revolu- 
tions at 
no  load. 


6 

3.1 

0.39 

0.60 

11 

5.7 

0.47 

0.58 

14 

7.3 

0.46 

0.56 

16 

8.3 

0.42 

0.52 

From  this  we  see  that  for  no  load  the  greatest  circumference  veloc- 
ity is  only  81  per  cent  of  the  wind  velocity.  For  best  load  the  ratio 
is  47  per  cent.  Here  is  the  great  disadvantage  of  these  wheels,  which 
move  in  the  direction  of  the  wind  instead  of  a(*ross  it — they  move 
too  slowly.  The  ratio  of  circumference  velocity  to  wind  velocity  in 
an  Aermotor  is  1.75.  This  is  2.16  times  the  greatest  corresponding 
circumference  velocity  of  the  Little  Giant  mill. 

COMPARISON  OF  LITTLE  GIANT  AND  JUMBO  MILLS. 

From  the  following  table  it  will  be  seen  that  the  circumference 
velocit}'^  of  the  Jumbo  is  only  from  0.55  to  0.70  of  that  of  the  Little 
Giant  for  best  load.  The  horsepower  of  the  Jumbo  is  about  1.9  times 
that  of  the  Little  Giant;   the  ratio  of  the  Jumbo  diameters  is  1.07; 
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hence  the  ratio  of  the  power  is  a  little  greater  than  that  of  the  diam- 
eters. It  must  be  remembered,  however,  that  the  Jumbo  is  about 
three  times  the  length  of  the  Little  Giant.  For  the  same  sail  lengths 
the  latter  does  1.57  more  work  than  the  Jumbo. 

Comparative  data  of  Little  Giant  and  Jumbo  mills. 


Mill. 

Maximum  horsepower  at  sriven 
wind  velocities  (per  hour). 

Circumference  velocity  for 
maximum  load  at  ^ven 
wind  velocities  (i>er  hour). 

a 

oo 

12  miles. 

16  miles. 

1 
1 

1 
1 

i 
a 

00 

s 

1 

»-1 

1 

1 
1 

25  miles. 

7f-foot  Jumbo 

0.010 
0.007 

0.016 
0.024 

0.066 
0.045 

0.188 
0.066 

0.190 
0.100 

1.7 
3.1 

3.40 
5.70 

4.70 
7.30 

5.80 
8.30 

1 

4i-foot  Little  Giant 

Ratio 

1.4 

1.9 

L9 

2.0 

1.9 

0.56 

0.60 

0.64 

0.70 

Taking  into  account  the  difference  in  the  diameters  of  the  wind 
wheels  of  these  mills,  we  may  say  that  the  Little  Giant  will  furnish 
about  2.5  more  power  than  the  Jumbo  for  the  same  diameter  and 
length  of  sail.  The  Jumbo  requires  a  7-mile  wind  to  start  it  with  no 
load;  the  Little  Giant  will  start  with  no  load  in  less  than  a  5-mile 
wind.  The  Jumbo  has  no  means  of  governing;  the  Little  Giant  gov- 
erns easily  and  completely.  The  Jumbo  gets  the  full  pressure  of  the 
wind  when  it  comes  from  two  directions  only;  the  Little  Giant  works 
equally  well  with  the  wind  from  any  direction.  The  Little  Giant  is 
less  likely  to  be  injured  in  a  windstorm  than  the  Jumbo.  The  first 
cost  of  the  Jumbo  is  somewhat  less  than  that  of  the  Little  Giant.  A 
5-foot  Little  Giant  with  stub  tower  can  be  bought  for  about  $15. 

COMPARISON  OF  LITTLE  GIANT  WITH  8-FOOT  AERMOTOR. 

The  eflRciency  of  the  pump  and  well  of  Aermotor  No.  5  (for  descrip- 
tion and  results  of  tests,  see  pages  33  and  34,  Part  I)  is  probably 
about  60  per  cent.  For  the  speeds  and  horsepowers  of  these  mills  we 
have  the  following: 

Comparative  data  of  Little  Oiant  and  8 -foot  Aermotor. 


Mill. 

Load 
per 
revolu- 
tion of 

wind 
wheel. 

Sail 
area. 

Revolutions  of  wind 
wheel  per  minute 
at  given  wind  ve- 
locities (per  hour). 

Horsepower  at  given  wind 
velocities  ( per  hour ) .        ' 

i 

02 

16  miles. 

20  miles. 
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1 

8-foot  Aermotor  (No. 
5) 

Ft.-lbs.  Sq.ft. 
45  '       34 

84 

99 
71 

115 
92 

0.(»4 
0.024 

0.U5 
0.1XW 

0.138 
0.060 

0.158 

4i-foot  Little  Giant 
(No.  56) 

24          54  1      84 

0.065 

Ratio •-... 

1.25 

3.50 

3.00 

2.76 

2.43 

MOEPHY.l      COMPARISON   OP  LITTLE  GIANT  AND  AfiEMOTOR. 
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It  will  be  seen  that  the  sail  area  of  the  Aermotor  is  only  0.63  that 
of  the  Little  Giant,  that  the  wind  wheel  of  the  former  makes  from 
1.25  to  1.82  more  revolutions  per  minute  than  the  latter,  and  that  the 
power  of  the  former  is  from  3.5  to  2.4  times  gr  3ater  than  the  power  of 
the  latter.  While  the  sail  area  of  the  Aermotor  is  only  0.63  that  of 
the  Little  Giant,  the  wind  area  of  the  former  is  much  greater  than 
that  of  the  latter.  The  wind  can  not  enter  the  wheel  of  the  Little 
Giant  over  an  area  greater  than  the  radius  multiplied  by  the  length 
of  the  sail,  or  9.1  square  feet.  In  the  Aermotor  the  wind  enters  the 
wheel  over  an  area  equal  to  the  difference  between  the  areas  of  the  two 
circles,  one  having  a  diameter  of  8  feet,  the  other  having  a  diameter 
of  3  feet.  This  wind  area  is  43.2  square  feet.  Hence  the  wind  area 
of  the  Aermotor  is  43.2 -i-  9.1  = 
4.75  times  that  of  the  Little 
Giant.  Here  is  the  great  advan- 
tage that  the  Aermotor  has  over 
the  Little  Giant — it  has  only  0.63 
of  the  sail  area,  and  hence  cost 
less  for  sails,  and  4.75  times 
more  air  strikes  its  sails  than 
strikes  those  of  the  Little  Giant. 
It  will  be  shown  later  that  in  the 
Little  Giant  the  air  acts  on  its 
sails  while  passing  out  of  the 
wind  wheel  as  well  as  while  pass- 
ing into  the  wheel,  and  thus  the 
power  for  the  same  wind  area  is 
greater  in  that  mill  than  in  the 
Aermotor. 

Fig.  66  is  a  diagram  showing 
the  action  of  the  wind  on  the 
sails  of  the  Little  Giant  mill. 
AH^  BK,  etc.,  are  the  curved 
sails.  The  cord  AH  makes  an 
angle  of  27°  with  the  radius  AP.  CD  is  the  shield,  with  the  wing  DE 
open.  Let  Aa  represent  the  direction  and  magnitude  of  the  wind  with 
respect  to  the  earth.  We  have  seen  that  for  maximum  load  the  ratio 
of  the  circumference  velocity  of  the  wheel  to  the  wind  velocity  is 
0.47;  hence  drawing  Ac  tangent  to  the  circumference  Aa  and  equal  to 
0.47  of  Aa,  and  completing  the  parallelogram  on  them,  we  have  Ab 
representing  the  direction  of  the  wind  with  respect  to  the  moving  sail. 
If  we  assume  this  to  be  the  velocity  of  the  air  over  the  sail  (it  is 
somewhat  less  than  this,  since  Ab  is  not  quite  tangent  to  the  sail  at 
entrance),  we  can  construct  the  path  of  a  particle  of  air  with  respect 
to  the  earth.  The  points  1,  2,  and  3  are  on  this  path,  and  LS  gives 
the  approximate  direction  of  the  particle  of  air  through  the  wheel. 
At  L  we  combine  this  velocity  with  the  inner  circumference  velocity 
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Fio.  65.— Diaif  ram  sbowiutf  horsepower  of  mill  Na 
66— 4.67-foot  Little  Oiant.  The  curves  marked 
2, 4,  and  6  show  horsepower  for  brake  loads  of  2, 
4,  and  6  pounds,  respectively;  dotted  curve  DK 
shows  maximum  power. 
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of  the  sail,  giving  the  velocity  L/p  with  respect  to  the  moving  saiL 
This  is  seen  to  make  a  large  angle  with  the  tangent  at  entrance, 
reducing  its  magnitude  somewhat.  H  is  approximately  the  absolute 
path  of  the  particle  over  the  sail,  and  4-5  is  the  direction  of  the  parti- 
cle at  exit.  B6  represents  the  absolute  path  of  a  particle  of  air  as  it 
moves  over  the  sail  BK.     This  particle  of  air  passes  through  the 


Fio.  66.— Diagram  showing  action  of  wind  on  sails  of  mill  Ko.  66— 4.67-foot  Little  Qiant. 


wheel  in  the  direction  0-7.  The  path  6-7  of  this  particle  crosses  the 
path  of  the  particle  from  3;  hence  there  is  interference  inside  the 
wheel,  which  prevents  our  tracing  with  accuracy  the  path  of  a  parti- 
cle out  of  the  wheel.  It  is  evident,  however,  that  after  passing  into 
the  wheel  the  air  strikes  the  concave  side  of  the  sails  on  the  opposite 
side,  and  aids  in  pushing  the  wheel  around,  so  all  the  work  is  not  done 
by  the  sails  on  the  side  where  the  air  enters. 
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INDICATED  AND  TRUE  VBLOCITIBS. 

ThuR  fur  nil  of  our  results  for  speed  and  {Htwer  of  windmills  are 
given  in  terms  of  indicated  velocities,  that  is,  velocities  as  read  from 
the  RobiosoQ  cap  anemometer.  It  is  necessary,  or  at  leant  desirable, 
to  examine  these  to  see  whether  they  agree  with  true  velocities  or  dis- 
tances actually  passed  over  by  the  wind  per  hour.  Fig.  (17  sliows  the 
Robinson  cup  anemome- 
terasused  by  the  United 
States  Weather  Bureau. 
This  instrument  was  in- 
vented in  1846  by  Dr.T. 
R.  Robinson,  of  Armagh, 
Ireland,  and  is  now  used 
by  several  meteorolog- 
ical bureaus  for  the  meas- 
nrementofwindvelooity 
It  givesa  continuous  rec- 
ord of  wind  movement 
and  requires  no  device, 
Bucb  as  a  vane,  to  give 
it  the  proper  direction 
with  respect  to  the  wind. 
It  is  made  so  that  each  50 
revolutions  of  the  cups 
can  be  read  on  the  dial, 
and  there  is  an  electrical 
device  for  recording 
each  250  or  each  500  rev- 
olutions of  the  cups. 

Referringtofig.  68,  let 
A  =  the  upper  and  B  = 
the  lower  cup  of  a  Robin- 
son anemometer  rotat- 
iug  about  the  axis,  let  n 
equal  the  velocity  of  the 
wind,  and  v  the  velocity 
of  the  cup  center,  each  in 
feet  per  second ;  x  =  the 
ratio  of  the  velocity  of 
the  wind  to  that  of  the 
cup  center,  P,  =  the 
pressure  on  the  concave 
surface,  and  Pj  =  the 
pressuro  on  the  convex  surface  of  the  cup.  Dr.  Robinson  found  from 
sixteen  experiments  with  stationary  cups  exposed  to  wind  of  several 
vel<x!itie6  that  for  all  velocities  the  pressuiv  when  the  coueavi' surface  of 


ter  uid  cupx.  <-,  Hpludle  which  forms 
D  of  the  cups:  m,  iO-tooth  wheel  which 
:reiT  no  the  eni  ot  the  aplndle;  I.  8mall 
lootned  waeel  wbictLeDga^BaDendlewt^crevoQ  theiLxiBOf 
the  wheel  m;  r.  pair  of  dial  wheels  wbli^h  are  moved  by  the 
wheel ;.'  p.  one  of  tan  contact  pins  to  fttd  in  cloalng  the  elect  rle 
circuitat  the  end  or  esobmlleuf  wind:  ]>',  two  of  thui-e  pln4 
connected,  forming  the  tenth  mill  pin:  f,  win  tact  spring:  7. 
•coDtact  point  BttheendnCnoDtai't  spring:  I,  smalllnnnlated 
tnbe  connectlnK  q  with  the  Inanlated  binding  post  >r  and 
with  the  second  binding  post  r. 
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the  cup  is  toward  the  wind  is  about  four  times  that  when  the  convex  sur- 
face is  presented  to  the  wind.  The  pressure  on  the  moving  cup  A  is 
I\=KiFr  {c — ry^-7-2(j,^  and  the  pressure  on  the  cup  J?  is  P2=K2Fr{c+ 
r  )^-H  2y;  JP' being  the  area  of  the  cup,  K^  and  Xj  being  constants  the  ratio 
of  which,  as  found  by  Robinson,  is  4,  r  the  heaviness  of  air,  and  c+i? 
and  c—v  the  relative  velocities  of  the  cups.  Neglecting  friction  in  the 
anemometer,  inertia  of  cups  and  arms,  and  the  influence  of  two  of  the 
cups  until  they  are  near  the  iwsition  shown  in  fig.  68,  we  see  that  for 
uniform  velocity  P^  must  equal  Pg;  if  Pj  is  greater  than  Pj,  v  will 
increase;  if  P^  is  less  than  Pg,  v  will  decrease.  We  have,  therefore,  for 
uniform  velocity  K^  Fr  {c--vY-^2g=K^  Fr  {v+cf-r-^g  or  4  (c— v)«= 
{c+vy.  Thisequation  can  be  put  in  the  form  4  (o^— l)^=(a;+l)2.  Solv- 
ing we  have  ir=3;  that  is,  the  velocity  of  the  wind  is  three  times  that 
of  the  cup  centers.  For  an  anemometer  having  arms  6.72  inches 
long,  the  distance  passed  over  by  a  cup  center  in  500  revolutions  is 
2x22      6.72 


d= 


X  3  X  500=5,280  feet,  or  1  mile. 


7      '^    12 
Dr.  Robinson  believed  that  this  ratio  of  wind  velocity  to  that  of 

cup  center  was  true  for 
>    P\  all  velocities,  and  con- 

sequently the  makers  of 
the  instrument  have 
marked  the  dial  in 
miles.  We  shall  see, 
however,  from  the  rat- 
ing of  the  one  that  we 
have  used  in  these  wind- 
mill t^ests  that  this  ratio 
is  not  a  constant.  It 
will  be  seen  that  for 
wind  of  uniform  veloc- 
ity this  ratio  is  a  vari- 
able which  has  the  value 
3  for  9  miles  an  hour,  is 
greater  than  3  for  less 
velocities,  and  is  less 
than  3  for  greater  veloc- 
ities than  9  miles  an 
hour;  in  other  words,  to  get  true  velocities  we  must  add  a  correction 
below  \)  miles  an  hour  and  subtract  a  correction  above  that  velocitv. 
Friction  and  inertia  were  neglected  in  deriving  the  foregoing  value  of 
this  ratio.  The  former  has  little  influence  in  an  instrument  kept  in 
gofKl  condition,  but  in  a  poorly  kept  instrument  it  may  have  a  large 
influence  for  low  velocities.  This  ratio  has  been  found  to  be  8  to  10 
witli  much  friction.  The  inertia  of  the  arms  and  cups  has  a  marked 
influence  on  this  ratio,  especially  for  oniinary  gusty  wind.     As  the 


Fio.  68.-  Dlofcrammatic  section  of  anemometer  cnps. 


Church's  Mechanics  (}f  Engineering,  p.  81& 
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gustiness  of  the  wind  increases  the  correction  to  be  subtracted  to  get 
the  true  velocity  increases  also. 

The  relation  between  the  indicated  and  true  velocity  of  an  anemom- 
eter is  found  by  moving  the  anemometer  in  still  air  at  different 
velocities,  and  noting  the  distance  passed  over,  also  the  readings  of 
the  instrument.  It  is  seldom  that  the  air  out  of  doors  is  still  for  any 
considerable  length  of  time,  so  that  this  comparison  is  usually  made 
within  an  inclosure,  the  anemometer  being  carried  around  in  a  circle. 
The  radius  of  the  whirler  should  be  as  long  as  possible,  and  made  so 
as  to  affect  the  circulation  of  air  as  little  as  possible,  and  to  reduce 
the  effect  of  the  centrifugal  force. 

The  whirling  machine  that  we  have  used  for  rating  the  anemometer 
is  the  property  of  the  United  States  Weather  Bureau.  It  consists 
essentially  of  an  arm  28  feet  long  and  8  feet  above  the  ground,  on  the 
end  of  which  the  anemometer  is  carried  at  an  elevation  of  2  feet  above 
the  arm.  This  arm  is  counterweighted  and  is  stiffened  by  the  rods. 
It  is  clamped  to  a  vertical  shaft,  which  carries  a  cogwheel  near  its 
lower  end.  A  cogwheel  on  a  horizontal  shaft  engages  the  large  cog- 
wheel and  gives  rotation  to  the  arm.  For  low  velocities  the  power 
was  applied  through  a  crank  on  the  horizontal  shaft,  and  for  higher 
velocities  by  a  crank  on  a  second  shaft,  the  latter  working  the  first 
shaft  by  means  of  two  sprocket  wheels  and  a  chain.  The  machine 
was  set  up  out  of  doors,  in  a  sheltered  place  away  from  any  building, 
and  was  used  on  several  nights  when  there  was  scarcely  any  wind. 
It  was  made  to  rotate  about  half  the  time  in  the  positive  direction 
and  the  other  half  in  the  negative  direction. 

A  new  Robinson  anemometer  was  used  with  which  to  compare  results 
obtained  for  the  one  used  in  our  windmill  tests.  The  results  for  these 
instruments  agree  quite  closely.  The  results  obtained  on  December 
29,  when  there  was  no  perceptible  wind,  are  as  follows: 

Table  sliowing  relation  between  indicated  and  true  velocity  of  anemometer. 


Indicated 

velocity,  in 

miles  per 

honr. 

6 

Revolu- 
tions of 
long  arm 
in  i  mile  of 
wind. 

True  veloc- 
ity, in  miles 
per  hour. 

Correction, 
in  miles. 

-h0.20 

Correction, 

in  miles. 

for  fiTusty 

wind. 

15.5 

6.20 

0 

8 

15.1 

8.05 

+0.05 

-0.2 

11 

14.7 

10.78 

-0.22 

0.6 

15 

14.2 

14.20 

0.80 

-1.2 

20 

13.8 

18.40 

-1.60 

2.2 

25 

13.53 

22.55 

-2.45 

3.2 

30 

13.3 

26.60 

-3.40 

-4.3 

It  will  be  seen  that  the  indicated  velocity  is  less  than  the  true 
velocity  for  velocities  less  than  9  miles  an  hour;  above  9  miles  the 
true  velocity  is  less  than  the  indicated  velocity.  In  other  words,  the 
correction  is  added  below  9  miles  an  hour  and  subtracted  above 
that  velocity.     It  will  be  seen  that  up  to  11  miles  an  hour  these 
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anemometer  reading:^  differ  very  little  from  the  true  readings,  but 
for  higher  velocities  the  correction  becomes  quite  large.  The  last 
column  of  the  foregoing  table  gives  the  corrections  to  be  applied  to 
the  indicated  velocities  of  the  Weather  Bureau  Robinson  anemometer 
for  gusty  wind.*  The  motion  of  ordinary  moving  air,  when  studied 
with  a  very  light  anemometer  recording  each  revolution,  is  found  to 
vary  suddenly  by  large  amounts.  The  rate  of  motion  changes  20  or 
30  miles  an  hour  in  a  few  seconds. ^  The  I'ecord  of  the  standard  Rob- 
inson anemometer,  recording  miles  or  half  miles,  does  not  show  these 
sudden  changes,  but  gives  an  average  velocity  for  the  wind.     Its 
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Fio.  60.— Dia^azn  showing^  horsepower  of  mill  No.  27— 12-foot  Aermotor.    Onrve  AB  shows 

power  for  indicated  yeloclty,  asBaming  wind  to  be  not  gusty;  AD  shows  iK>wer  for  true  velocity; 

«*  — 140.6 
^J? shows  power  in  average  gusty  wind;  ^f' shows  power  from  H.  P.= — r-rrr — ■ 

2,086 

weight  and  consequent  inertia  cause  it  to  continue  its  rotation  for  a 
time  after  the  impulse  is  passed,  and  when  the  next  impulse  strikes 
the  cups  their  weight  will  not  allow  them  to  take  the  velocity  of  the 
impulse.  The  less  the  weight  the  more  nearly  will  the  velocity  of 
the  cups  be  that  of  (»ach  gust.  The  effect  is  that  the  cups  revolve 
faster  in  a  gusty  wind  of,  say,  iiO  miles  an  hour,  than  in  wind  of 
the  same  velocity  but  not  gusty.  Two  difficulties  arise  in  dealing 
with  gusty  wind:  (1)  The  gustiness  of  any  wind  varies  from  time  to 
time,  and  the  anemometer  gives  no  indication  of  it;  (2)  we  have  no 
means  of  producing  artificial  gusty  wind  in  which  to  rate  anemom- 
eters.    If  the  anemometer  is  rat^d  in  natural  wind,  then  a  correction 


'  Anemometry.  by  C.  P.  Marvin.     Washington,  1803. 

»  The  Internal  Work  of  the  Wind,  by  S.  P.  Langley.    Washington,  1888. 
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must  be  applied,  but  its  amount  is  uncertain.  The  velocity  of  gusty 
wind  can  not,  therefore,  be  measured  with  certainty.  This,  however, 
does  not  lessen  the  value  of  the  Robinson  anemometer  as  an  instru- 
ment for  measuring  wind  velocity,  nor  introduce  an  error  in  our 
results.  For  a  given  velocity  and  gustiness  the  anemometer  will 
always  give  the  same  reading,  and  the  same  gusty  wind  which  strikes 
the  anemometer  strikes  the  windmill  directly  behind  it.  The  diffi- 
culty arises  when  we  try  to  compare  results  in  which  the  Robinson 
anemometer  was  used  in  measuring  velocity  with  those  in  which  some 
other  form  of  anemometer  was  used.  The  corrections  given  in  the 
last  column  of  the  table  were  found  by  Prof.  C.  F.  Marvin,  of  the 
United  States  Weather  Bureau,  and  are  for  ordinary  gusty  wind. 

The  Robinson  anemometicr  is  now  so  generally  used  to  measure 
wind  velocity  that  it  is  better  to  express  the  speeds  and  powers  of  wind- 
mills in  terms  of  these  than  of  any  other.  If  results  are  desired  in 
terms  of  true  velocities,  they  can  be  found  approximately  by  means 
of  the  table  of  corrections  given  on  page  133.  Fig.  69  shows  the  power 
of  mill  No.  27  expressed  in  terms  of  three  kinds  of  velocity:  AB 
shows  the  power  assuming  the  wind  to  be  not  gusty;  AD  shows  the 
power  for  true  velocity,  that  is,  after  applying  the  corrections  in  the 
fourth  column  of  the  table;  AE  shows  the  power  in  average  gusty 
wind,  that  is,  after  applying  the  corrections  in  the  last  column  of  the 
table;  ^i?' would  give  its  power  if  the  power  increased  as  the  cube  of 
the  indicated  velocity. 

COMPARISON    OF   WRITER'8    EXPERIMENTS    WITH    THOSE 

OF  OTHERS. 

Comparison  with  Smeaion^s  experiment,s,  — In  this  comparison  we  use 
indicated  velocities  and  results  for  best  mills.  Smeaton's  results  are 
given  on  pages  15  and  16,  Part  I.  It  will  be  remembered  that  his  wheels 
were  3.5  feet  in  diameter,  moved  against  still  air  in  a  circle  of  5.5  feet 
radius,  and  that  his  wind  velocities  varied  from  3  to  6  miles  an  hour. 

Smeaton  found  (maxim  1,  page  15,  Part  I)  that  the  velocity  of  a  wind- 
mill sail,  whether  loaded,  so  as  to  produce  maximum  power,  or  un- 
loaded, is  nearly  as  the  velocitj^  of  the  wind.  We  have  found  that 
the  velocity  of  wind  wheel  when  loaded  increases  nearly  as  the  wind 
velocity,  but  when  it  is  unloaded  it  increases  as  the  square  root  of  the 
wind  velocity. 

Smeaton  found  (maxim  3)  that  the  maximum  power  increases  some- 
what less  rapidly  than  as  the  cube  of  the  wind  velocity.  We  have 
found  that  the  maximum  power  increavses  as  the  square  of  the  wind 
velocity — for  true  velocities  somewhat  faster  than  as  the  square  of  the 
wind  velocity. 

Smeaton  found  (last  part  of  maxim  5)  that  the  power  for  a  constant 
load  increases  as  the  first  power  of  the  wind  velocity.  Our  experi- 
ments show  that  for  a  constant  load  the  power  increases  as  the  square 
root  of  the  wind  velocity. 
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Smeaton  found  (maxim  6)  that  the  circumference  velocities  of  sim- 
ilarly made  mills  of  different  diameters  vary  inversely  as  the  diameters. 
We  have  found  this  to  be  true. 

Smeaton  found  (maxim  8)  that  the  maximum  power  for  similarly 
made  mills  increases  as  the  squares  of  the  diameters.  We  have  found 
that  it  increases  about  as  the  1.25  power  of  the  diameters. 

Smeaton  found  (maxim  9)  that  the  circumference  velocity  of  the 
Dutch  sail,  whether  loaded  or  unloaded,  is  considerably  greater  than 
the  wind  velocity.  We  find  that  it  is  nearly  equal  to  the  wind  veloc- 
ity for  loaded  sail,  and  about  1.76  times  the  wind  velocity  for  the 
unloaded  sail. 

Comparison  toith  CovkmiVs  experiments. — In  this  comparison  indi- 
cated velocities  are  used.  Coulomb's  observations  (see  page  16,  Part 
I)  were  made  on  a  Dutch  mill  (fig.  1,  Part  I)  having  a  wind  wheel 
70  feet  in  diameter.  He  found  that  at  a  wind  velocity  of  about  15 
miles  an  hour  the  wind  wheel  was  making  13  revolutions  per  min- 
ute and  yielding  about  7  horsepower  of  useful  work.  Comparing  this 
with  the  results  for  the  16-foot  Aermotor  for  maximum  load,  we  have 
the  following: 

Comparison  of  results  of  tests  of  Coulomb's  JO-foot  mill  with  tvriter^s  l&foot 

Aermotor. 


Mill. 


TO-footmiU 

16-foot  Aermotor 


Revolntlons  |    Circumfer- 
of  wind        ence  velocity 


wheel  per 
minute. 


18 

28 


in  feet  per 
minute. 


2,860 
1,408 


Horsepower. 


7.0 

0.8 


The  circumference  velocity  of  the  large  mill  is  more  than  twice  that 
of  the  smaller  one.  The  ratio  of  the  powers  is  7  -^  0.8  =  8.8.  The  ratio 
of  the  diameters  is  70 -H  16  =  4.4.  The  ratio  of  the  powers  is  about 
twice  that  of  the  diameters.  The  ratio  of  the  squares  of  the  diameters 
is  19.14. 

It  is  very  likely  that  the  wind  velocity  as  found  by  Coulomb  is  too 
small;  the  very  large  circumference  velocity  of  his  wheel  indicates 
this.  It  is  probable  that  the  wind  velocity  during  his  observations  was 
about  20  miles  an  hour  instead  of  15.  In  a  20-mile  wind  the  horse- 
power of  the  16- foot  mill  is  about  twice  that  in  a  15-mile  wind,  and 
the  speed  34  revolutions  per  minute  against  28.  The  ratio  of  the 
horsepowers  would  then  be  about  as  the  diameters  of  the  wind  wheels. 

Comparison  with  Gh'iffiths\s  experiment. — The  performance  of  a 
pumping  windmill  depends  on  so  many  factors,  most  of  which  may 
affect  the  result  to  a  large  degree,  that  it  is  doubtful  whether  it  is 
worth  while  to  make  a  comparison  where  the  conditions  differ  much. 
There  is  the  pump  efficiency  alone,  other  conditions  being  the  same. 
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whicii  may  make  the  horsepower  of  one  four  or  more  times  that  of  the 
other.  For  example:  Both  mills  have  a  brake  power  of  1  horsepower; 
one  mill  works  a  pump  which  has  an  ^Qeiency,  under  present  Qpndi- 
tionsy  of  20  per  cent,  its  useful  horsepower  being  0.2;  tbe  ot)^r  mill 
operates  a  pump  which  has  an  efficiency  of  80  per  cent,  its  ^qrs^power 
being  0.8,  or  four  times  that  of  ihe  other.  We  have  seen, that  for 
wind  velocities  above  a  certain  amount  the  power  increases  UQ^ly  as 
the  load,  so  that  by  doubling  the  load  for  the  higher  velocities  the 
power  is  doubled.  The  gearing  and  means  of  governing  affect  the 
power  in  a  somewhat  less  degree.  The  way  in  which  the  wind  velocity 
is  measured  may  affect  the  recorded  power  and  speed.  If  the  wind 
wheel,  or  tower,  or  any  other  obstacle  obstructs  the  free  flow  of  the 
air  to  the  anemometer,  the  recorded  velocity  will  not  be  as  great  as  it 
should  be.  If  the  anemometer  is  placed  en  the  platform,  it  will  give 
a  less  velocity  than  if  held  some  distance  in  front  of  the  wheel  and  at 
the  height  of  the  axis.  The  tempe]*ature  and  barometric  pressure 
afCect  the  power. 

In  Mr.  Griffiths's  data  (see  pages  17  and  18,  Part  I)  the  load  factor 
is  known,  but  the  wind  velocities  he  gives  are  small,  and  for  snkall 
velocities  it  is  difficult  to  compute  the  effect  on  the  power  of  differ- 
ences in  load.  In  fact,  most  of  his  velocities  are  less  than  are  required 
to  start  irrigating  mills.  Only  four  of  his  mills,  viz,  Nos.  1, 2, 5,  and  6, 
are  comxxarable  with  mills  that  we  have  tested.  The  mills  with  which 
we  have  compared  them  are  Nos.  36,  38,  and  47 — very  lightly  loaded 
mills  with  low  pump  efficiency. 

Comparison  of  resvlU  of  Orifflths^s  tests  with  those  of  urriter^s  tests. 


Ifffll 

Outer  di- 
ameter of 
Bidl. 

Load  per 

stroke  of 

pump. 

Wind  Te- 
locity. 

Strokes  of 

pomp  per 

minnte. 

Horse- 
power. 

*» 

Griffiths's  No.  1.... 
Writer's  No.  86.... 
Griffiths's  No.  2... 
Writer's  No.  88... 
Griffiths's  No.  5.... 
Writer's  No.  88.... 
Griflflths's  No.  6 ...  - 
Writer's  No.  47... 

f^et. 
22.8 
22.5 
11.5 
10.0 
10.2 
10.0 
9.8 
10.0 

Ft.-lbs. 
480.0 
248.0 
29.2 
21.0 
51.0 
21.0 
80.7 
87.0 

Miles. 
7.0 
7.0 
5.8 
5.8 
8.5 
8.5 
6.0 
6.0 

6.8 

6.0 
18.0 

9.0 
20.6 
21.0 
12.6 

7.0 

0.098 
0.088 
0.011 
0.006 
0.028 
0.014 
0.012 
0.008 

It  will  be  seen  from  this  table  that  the  horsepowers  of  the  mills  tested 
by  Mr.  Griffiths  are  greater  than  the  horsepoweins  of  the  mills  we  have 
tested.  The  speeds  of  the  wheels  are  also  greater,  except  in  Nos.  5  and 
38.  We  are  of  the  opinion  that  a  part  of  the  difference  in  results  is 
due  to  difference  in  the  method  of  measuring  the  wind  velocity.  The 
wind  velocity  found  by  Mr.  Griffiths  is  less  than  we  have  found  it. 

Comparison  wiifi  King^s  experimerUs. — ^Professor  King's  measure- 
ments of  the  brake  horsepower  of  a  16-foot  Aermotor  are  given  on 
IRK  42 — 01 6 
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page  20,  Part  I.  These  results  are  plotted  in  fig.  70,  giving  the  curve 
AB.  The  curve  of  maximum  power  for  the  16-foot  Aermotor  No.  44  is 
redrawn  in  this  figure  as  curve  CD.  It  will  be  seen  that  these  curves 
6,re  nearly  parallel  to  16  or  17  miles  an  hour,  and  then  diverge  rapidly. 
Believing  that  much  of  this  difference  is  due  to  the  wind  wheel  of 
Professor  King's  mill  interfering  with  the  anemometer,  we  have  experi- 
mented with  two  anemometers,  one  located  29  feet  directly  south  of 
the  wind  wheel  of  mill  No.  44,  the  other  located  27  feet  directly  north 
of  it,  and  each  recording,  side  by  side,  the  wind  velocity  on  an  elec- 
tric register.  The  hourly  wind  velocity  for  fourteen  consecutive 
hours,  during  the  first  ten  of  which  the  mill  was  working  and  during 
the  last  four  of  which  it  was  out  of  the  wind,  is  given  in  the  follow- 
ing table: 

Table  shoinng  wind  velocities  during  writer^a  experiments  with  anemometers  on 

miU  No,  44, 


Hoar. 

Direction 
of  wind. 

Wind  velocities. 

Ratia 

Front  ane- 
mometer. 

Bear  ane- 
mometer. 

First 

SB 

...do... 

Miles. 

15.0 

18.0 

18.0 

19.6 

18.0 

16.8 

15.2 

13.7 

10.5 

7.7 

7.2 

8.6 

10.5 

10.8 

Miles, 

10.2 

13.4 

13.5 

12.8 

18.5 

12.6 

10.0 

9.6 

7.5 

5.5 

7.2 

8.6 

10.6 

10.4 

PtT  cent, 
0.68    1 

Second 

0.74 
0.75 
0.65 
0.74 
0.77 
0.65 
0.76 
0.71 
0.72 
1.00 
1.00 
1.00 
1.00 

Third 

...  do... 

Fourth - 

...  do  ... 

Fifth    

SW 

...do.  . 

Sixth 

Seventh 

Eighth 

S 

SE 

....do... 

Ninth 

Tenth 

....do... 

Eleventh.. 

....do... 

Twelfth 

....do... 

Thirteenth 

do 

Fourteenth 

do  ... 

The  direction  of  the  wind  is  the  mean  for  each  hour,  as  shown  by 
an  anemoscope.  When  the  wind  was  from  the  southeast  it  occasion- 
ally came  for  a  short  time  almost  directly  from  the  east;  and,  again^ 
when  from  the  southwest  it  occasionally  came  for  a  time  from  the 
west. 

It  will  be  seen  that  the  hourly  velocity,  27  feet,  behind  the  running 
wheel  was  only  65  to  77  per  cent  of  that  in  front  of  the  wheel.  As 
soon  as  the  wheel  was  turned  out  of  the  wind  the  two  anemometers 
recorded  nearly  the  same  velocity. 

Referring  now  to  the  direction  of  the  wind  when  Professor  King's 
windmill  tests  were  made,  and  remembering  that  his  anemometer  was 
40  feet  directly  east  of  the  moving  wheel,  it  will  be  seen  that  nearly 
all  of  the  tests  were  made  when  the  wind  came  from  the  northwest  or 
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the  southwest,  and  that  consequently  the  moving  wheel  must  have 
interfered  with  the  proper  working  of  the  anemometer,  causing  it  to 
record  a  less  velocity  than  actually  existed,  and  making  the  horse- 
power greater  than  if  the  anemometer  had  been  in  front  of  the  wheel. 
In  fig.  70  it  will  be  seen  that  an  increase  of  from  5  to  25  per  cent  in 
Professor  King's  wind  velocities  would  move  his  curve  over  to  the 
right  of  our  curve.  These  curves  are  found  in  very  different  ways — 
Professor  King's  from  26  single  observations,  ours  from  more  than  150 
observations.  Instead  of  finding  points  on  this  curve  when  the  proper 
load  is  unknown,  we  have  found  speed  and  power  curves  for  constant 
loads,  and  from  these  drawn  the 
cu rve  of  maximum  power.  None 
of  the  mills  that  we  have  tested 
have  given  a  power  curve  like 
AB  in  fig.  70.  It  will  be  noticed 
too  that  the  curve  CD  is  quite 
like  the  corresponding  one  for 
the  12-foot  Aermotor.  This  we 
should  expect,  since  the  mills  are 
similar  in  construction. 

Comparison  with  Perry's  ex- 
perimerUs, — Indicated  velocities 
are  used  in  this  comparison. 
Some  of  Mr.  Perry's  results  are 
given  on  pages  20  and  21,  Part  I. 
His  t^sts  were  made  on  wheels 
5  feet  in  diameter,  carried  against 
still  air  in  a  circle  14  feet  in 
diameter,  and  his  wind  velocities 
were  not  greater  than  about  11 
miles  an  hour.  Mr.  Perry  states 
that  his  results  agree  with  those 
of  Smeaton.  A  comparison  of  our  results  with  Smeaton's  has  been 
given  on  pages  135  and  136. 

We  will  compare  in  detail  the  working  of  two  of  Mr.  Perry's  wheels, 
viz,  Nos.  44  and  48,  with  that  of  our  12-foot  Aermotor  No.  27. 

Mr.  Perry's  wheel  No.  44  is  somewhat  like  the  wind  wheel  of  our 
12-foot  Aermotor  No.  27.  It  has  12  curved  wooden  sails,  each  18  by 
12.3  by  5.8  inches,  having  a  weather  angle  at  the  inner  end  of  sail  of 
30°  and  an  angle  of  25°  at  the  outer  end.  The  air  is  more  obstructed 
in  its  passage  through  this  wheel  than  through  the  wheel  of  No.  27. 
The  following  are  some  of  the  results  for  these  mills  in  an  8.5-mile 
wind,  the  only  velocity  which  Mr.  Perry  gives  for  his  mill. 
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Fig.  70.-<DiagTain  showinff  horsepower  of  two 
16-foot  Aermocors.  Curve  AB  shows  brake 
horsepower  of  Professor  King's  16-foot  Aer- 
motor; CD  shows  mazimnm  i>ower  of  writor^s 
16-foot  Aermotor  No.  44. 
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Comparison  ofrenUts  of  tests  of  ^errffs  d^fooi  nUU  No,  44  ^th  writer's  tests  of 

If'fooi  Aermotor  No,  SI, 


ym 

Area 
of  sail. 

Wind 
veloc- 
ity. 

Load 
per 
revolu- 
tion. 

Maximum  load. 

power. 

No  load. 

Revolu- 
tions per 
minute. 

Circum- 
ference 
velocity. 

Revolu-  Ciroum- 
tionsper  ference 
minute,  velocity. 

Perry's  mlU  No.  44.. 
IS-foot    Aermotor 
No.  27 

73.0 

JfOeo. 

8.5 

8.5 

11.8 
22.2 

44.4 
19.0 

8.6 
11.9 

0.016 

0.18 

84.3 
32.5 

22.1 

20.4 

Ration 

5.8 

19.6 

1.38      8.12 

0.92 

It  will  be  seen  that  the  load,  in  foot-pounds,  per  revolution  of  wind 
wheel  is  19.6  times  greater  and  the  circumference  velocity  for  maxi- 
mum load  is  1.38  times  greater  for  No.  27  than  for  the  5-foot  wheel,  but 
that  the  circumference  velocity  for  no  load  is  a  little  less  for  No.  27 
than  for  the  other  mill.  The  power  of  the  12-foot  Aermotor  ijs  more 
than  8  times  that  of  the  5-foot  mill,  and  its  sail  area  is  5.3  times 
greater. 

We  will  next  compare  the  12-foot  Aermotor  No.  27  with  Mr.  Perry's 
5-foot  mill  No.  48,  which  gave  the  greatest  power  of  the  61  wheels  tested 
by  him.  It  had  six  curved  pasteboard  sails,  each  19  by  23.7  by  10.9 
inches,  set  at  a  weather  angle  of  35"^  at  the  inner  end  of  the  sail,  and 
at  an  angle  of  25°  at  the  outer  end.  All  obstructions  to  the  free  flow 
of  air  over  the  back  of  the  sails  were  removed.  The  following  are 
some  of  the  results  for  these  mills  at  a  wind  velocity  of  11  miles  an 
hour: 


Comparison  of  restdts  of  tests  of  Perry's  S'foot  mill  No.  48  toith  writer's  tests  of 

l£'foot  Aermotor  No.  37. 


Mm. 

Area 
ofsaiL 

Wind 
veloc- 
ity. 

Load 
per 
revo- 
lution. 

Ft.'lba. 
28.8 

838 

Maximum  load. 

Horse- 
power. 

No  load. 

Revolu- 
tions per 
minute. 

Circum- 
ference 
velocity. 

Revolu- 
tions per 
minute. 

Circum- 
ference 
velocity. 

Perry's  mill  No.  48. 
12-foot    Aermotor 
No.  27 

78.0 

11 
11 

66.8 
28.5 

17.4 
IT.  9 

0.047  1          142 
0.288              45 

87.2 
28.8 

Ratios 

5.2 

14.3 

1.08 

5.96 

0.76 

It  will  be  seen  that  the  circumference  velocities  of  these  wheels  for 
maximum  power  are  nearly  equal,  but  for  no  load  the  circumference 
velocity  of  the  5-foot  mill  is  about  25  per  cent  greater  than  that  of  the 
12-foot  Aermotor.  The  power  of  the  latter  mill  is  nearly  six  time$i 
that  of  the  5-foot  miU.  Thei'e  are  more  air  obstructions  in  the  wheel 
of  the  12-foot  mill  than  in  that  of  the  5-foot  mill,  so  that  the  differenee 
in  the  power  would  be  greater  for  equal  air  obstructions.     For  a  oor- 
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respoBdiag  amoant  of  obstruction  the  ratio  of  power  would  probably 
be  6.5  to  7.  This  ratio  is  greater  even  than  12  <h£^K5.76,  the  ratio  of 
the  squares  of  the  diameters. 

From  this  comparison  of  the  results  of  our  tests  with  those  of  Smeaton 
and  Perry  it  will  be  seen  that  the  power  of  a  natural  moving  air  of  a 
given  measured  velocity  is  greater  than  the  resistance  of  the  air  to  a 
wheel  carried  around  in  a  circle.  Some  of  the  laws  (see  page  114) 
which  have  been  found  to  govern  wheels  moved  against  still  air — 
notably  that  the  xK>wer  increases  as  the  cube  of  the  wind  velocity — are 
not  applicable  to  windmills  in  moving  air. 

ECONOMIC  CONSIDERATIONS. 

The  power  of  windmills  has  been  computed  from  tests  on  model 
windmills,  in  artificial  air  of  low  velocity,  assuming,  first,  that  the 
power  increases  as  the  cube  of  the  wind  velocity,  and,  second,  that 
the  power  increases  as  the  square  of  the  diameter.  Our  tests  of  wind- 
mills recorded  in  the  preceding  pages  show  that  the  i)Ower  does  not 
increase  much  faster  than  as  the  square  of  the  wind  velocity,  and 
about  as  1.25  times  the  power  of  the  diameter  of  the  wind  wheel.  We 
believe  that  to  these  two  false  assumptions  is  due  the  exaggerated 
power  of  windmills  claimed  by  windmill  makers  and  others  interested. 
A  good  12-foot  steel  mill  should  furnish  1  horsepower  in  a  20-mile 
wind  (indicated)  and  1.4  horsepower  in  a  25-mile  wind.  This  is  the 
smallest  amount  of  power  that  will  do  any  considerable  amount  of 
useful  work.  A  16-foot  mill  will  furnish  1.5  horsepower  in  a  20-mile 
wind  (indicated)  and  2.3  horsepower  in  a  25-mile  wind. 

A  12-foot  steel  mill  and  a  50-foot  steel  tower  as  commonly  made 
weigh  about  2,000  pounds.  A  16-foot  steel  mill  and  a  50-foot  steel  tower 
weigh  about  4,250  pounds.  The  16-foot  outfit  weighs  more  than  twice 
that  of  the  12  foot,  and  its  power  is  only  1.5  that  of  the  latter.  In 
addition,  the  12-foot  mill  will  govern  more  easily  and  is  less  likely  to 
be  injured  in  a  storm  than  the  16-foot  mill.  In  most  cases,  therefore, 
it  is  better  to  use  two  12-foot  mills  than  one  16-foot  mill. 

The  economic  value  of  a  windmill  depends  on  its  first  cost,  on  the 
cost  of  repairs,  and  on  its  power.  Most  of  the  effoii)  put  forth  at  the 
present  time  to  improve  windmills  is  directed  toward  reducing  the 
first  cost.  Competition  is  so  strong  that  the  cost  must  be  kept  low, 
and  this  is  often  ack^omplished  at  the  sacrifice  of  the  other  two  factors — 
cost  of  repairs  and  power.  The  pumping  mills  and  their  towers  are, 
as  a  rule,  too  light  and  lacking  in  stiffness.  It  is  said  that  in  some 
parts  of  the  West  wooden  mills  are  coming  into  use  again,  on  account 
of  the  lightness  and  poor  quality  of  the  steel  mills.  This,  however,  is 
a  fault  of  the  making,  not  of  the  material.  The  wooden  tower  is  stiffer 
and  more  rigid  than  the  steel  tower. 

Power  is  the  most  important  factor,  and  next  to  that  should  come 
strength,  stiffness,  and  durability.  I 
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It  has  been  shown  that  the  steel  mills,  with  their  few  large  sails, 
have  much  more  power  than  the  wooden  mills  with  their  many  small 
sails.  (See  page  106.)  A  mill  should  have  as  few  moving  parts  as 
possible,  in  order  that  the  loss  of  power  by  friction  shall  be  small, 
also  the  liability  to  get  out  of  working  order  be  reduced  to  a  minimum. 
The  power  of  a  mill  is  at  best  so  small  that  if  there  is  much  friction 
there  is  little  power  left  to  do  useful  work.  The  grinder  should  be 
on  the  foot  gear  and  not  worked  by  a  belt,  and  the  shafting  and  cog- 
wheels should  not  be  too  heavy.  In  the  large  wooden  mills  the  shaft- 
ing is  much  too  heavy;  apparently  it  is  designed  on  the  assumption 
that  the  mill  will  furnish  several  times  more  power  than  it  really  can. 
The  mill  should  be  carefully  erected,  the  vertical  shafting  exactly 
vertical  and  the  horizontal  shafting  truly  horizontal,  so  that  there 
will  be  no  binding  of  the  parts.  Poor  workmanship  is  an  important 
cause  of  the  small  power  of  some  mills.  Only  a  skilled  workman  who 
understands  the  business  should  be  employed  to  erect  a  windmill. 

The  mills  should  be  placed  at  a  proper  height  above  surrounding 
obstructions — ^at  least  30  feet  above  the  highest  trees  and  buildings. 
This  calls  for  a  tower  from  50  to  70  feet  high.  It  is  better  to  use  a 
small  wheel  on  a  high  tower  than  a  large  wheel  on  a  low  tower.  An 
8-foot  wheel  on  a  70-foot  tower  will  probably  do  more  work  in  a  given 
time  than  a  12-foot  wheel  on  a  30-foot  tower  with  trees  and  buildings 
around  it.  The  tower  should  be  firm  and  rigid,  no  shaking  under  a 
heavy  wheel  load.  Steel  towers  are  in  constant  vibration  under 
heavy  loads. 

A  mill  should  govern  readily  at  the  proper  wind  velocity,  but  this 
velocity  need  not  be  less  that  30  miles  an  hour.  A  weight  appears  to 
be  better  than  a  spring  for  holding  the  wind  wheel  in  the  wind.  The 
tension  of  a  spring  can  not  readily  be  changed  when  desired  but  may 
gradually  lose  its  tension.  (See  pages  60  and  110. )  There  is  very  grreat 
need  of  an  automatic  device  for  changing  the  load  on  a  pumping  mill 
as  the  wind  velocity  changes.  The  mill  should  start  in  a  light  wind, 
say  4  to  5  miles  an  hour,  or  it  will  be  idle  many  hours  when  it  should 
be  at  work;  but  in  order  to  do  this  it  must  be  lightly  loaded.  In  the 
higher  wind  velocities,  ^ith  a  light  load  the  mill  will  do  only  a  small 
fraction  of  the  work  it  would  do  with  a  much  heavier  load.  The 
increase  in  the  load  should  be  nearly  proportional  to  the  increase  in 
the  wind  velocity.  (See  page  113.)  Until  such  a  device  is  invented 
the  load  should  depend  on  the  wind  velocity  of  the  place  where  the 
mill  is  to  be  used  and  on  the  amount  of  storage. 

The  pumping  mill  is  ordinarily  constructed  so  that  all  of  the  useful 
work  is  done  on  the  upstroke  of  the  pump,  producing  a  jerky  motion 
and  excessive  strain  on  the  working  parts.  This  defect  is  partly 
remedied  by  the  use  of  a  large  plunger  rod,  which  will  force  up  some 
of  the  water  on  the  downstroke.     A  second  remedy  is  the  use  of  a 
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lever  with  a  heavy  weight  at  one  end,  the  other  end  being  attached 
to  the  plunger  rod.  As  the  plunger  moves  down  the  weight  on  the 
end  of  the  lever  is  raised  on  the  upstroke.  The  descent  of  the  weight 
assists  the  mill  in  lifting  the  water.  Neither  device  is  satisfactory. 
A  pumping  mill  working  direct  stroke  makes  too  many  strokes  per 
minute  at  wind  velocities  above  about  15  miles  an  hour.  The  valves 
ordinarily  used  for  small  pumps  will  not  work  well  if  the  number  of 
strokes  is  greater  than  30  per  minute.  The  mill  should  be  geared 
back  about  2  to  1  for  large  mills  and  about  3  or  4  to  1  for  small  mills. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior. 

United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington^  December  17,  1900. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Prof.  Samuel  Fortier,  of  Bozeman,  Montana,  with  the  recommenda- 
tion that  it  be  printed  in  the  series  of  Water-Supply  and  Irrigation 
Papers.  The  author  has  had  much  experience  in  the  construction  of 
irrigation  canals  and  related  hydraulic  works  used  in  the  reclamation 
of  the  arid  lands.  The  results  of  his  experience  and  observation  are 
of  value  in  considering  improved  methods  of  utilizing  the  water 
resources  of  that  section  of  the  United  States.  It  is  important,  there- 
fore, to  bring  these  details  to  the  attention  of  engineers  and  others 
engaged  in  construction  work. 

Very  respectfully,  F.  H.  Newell, 

Hyd/rographer  in  Charge, 
Hon.  Charles  D.  Waloott, 

Director  United  States  Geological  Survey. 
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CONVEYANCE  OF  WATER  IN  IRRIGATION  CANAI^, 

FLUMES,  AND  PIPES. 


By  Samuel  Forttbr. 


INTRODUCTIOX. 

Tlie  vast  extent  of  arid  land  in  the  United  States — ^fuUy  two-fifths  of 
its  area — includes  some  of  the  richest  agricultural  land  on  the  globe. 
Its  utilization  rests  not  merely  upon  obtaining  water,  but  to  a  large 
extent  upon  bringing  water  to  the  land  at  a  cost  commensurate  with 
the  value  of  the  crops  raised.  The  question  of  cost,  therefore,  enters 
largely  into  all  considerations  of  the  extent  to  which  the  arid  region 
can  be  redeemed  by  irrigation.  With  improved  methods  and  appli- 
ances the  cost  of  irrigating  works  can  be  greatly  reduced  and  the  area 
of  tillable  land  correspondingly  increased.  This  paper  has  been  pre- 
pared for  the  purpose  of  calling  attention  to  present  practices  in  the 
conveyance  of  water  in  irrigation  canals,  flumes,  and  pipes,  and  to 
point  out  ways  in  which  works  of  this  character  can  be  built  with 
greater  permanence  and  at  less  cost  than  those  now  in  existence. 

IRRIGATION  CANAUS. 

The  network  of  ditches  and  canals  which  pervades  the  cultivated 
portion  of  arid  America  varies  in  size  from  the  furrow  of  the  irrigator 
to  the  large  canal  of  the  corporation.  While  the  capacity  of  the 
smaller  may  be  less  than  1  second-foot,  that  of  the  larger  may  exceed 
1,000  second-feet.  As  a  rule  the  small  ditches  were  built  by  individual 
settlers,  those  of  medium  size  by  communities  of  farmers,  and  the 
large  canals  by  capitalists. 

IX)CATION. 

When  a  canal  is  to  be  built  to  convey  water  to  a  tract  of  land,  consid- 
erable preliminary  work  is  necessary  before  its  location  can  be  deter- 
mined. It  is  not  difficult  to  ascertain  the  total  area  of  land  under  any 
proposed  canal,  but  care  and  good  judgment  must  be  exercised  in  esti- 
mating the  pei^oenta^e  of  the  total  area  which  is  arable  and  irrigable. 

11 


12  CONVEYANCE    OF   WATER   FOR   IRRIGATION.  [no. 48. 

The  acreage  that  can  be  irrigated  having  been  determined,  it  is  neces- 
sary to  ascertain  the  volume  of  water  that  will  be  required  for  the 
tract — i.  e.,  the  net  volume  after  deducting  loss  due  to  evapoiution 
and  seepage  from  the  volume  admitted  through  the  head  gates.  The 
preliminary  line  may  start  from  the  source  of  supply  or  from  the  land 
to  be  watered.  When  the  boundaries  of  the  tract  are  known  and 
there  is  little  choice  as  to  the  location  of  the  head  gates,  the  better 
way  is  to  start  at  the  highest  point  of  land  to  be  watered  and  run 
toward  the  source  of  supply  on  a  proper  grade.  On  the  other  hand, 
if  there  is  a  particular  location  on  the  river  from  which  water  can 
be  readily  and  cheaply  diverted,  it  is  well  to  begin  at  that  point  and 
extend  the  location,  allowing  for  the  necessary  grade  toward  the  land 
to  be  watered.  This  mode  of  procedure  is  preferable  when  the  ter- 
ritory covered  by  the  proposed  canal  is  extensive  and  unsettled,  and 
when  economy  in  construction  is  of  greater  importance  than  the  area 
to  be  served.  The  zero  of  the  final  location  should  be  at  the  point  of 
diversion. 

In  locating  the  center  line  of  a  canal  the  practice  of  the  writer  ha£ 
been  to  employ  two  level  parties.  One  level  party  precedes  the 
transit  party  and  sets  temporary  stakes  on  grade,  irrespective  of  the 
sharpness  of  the  bends  or  the  irregularity  of  the  general  alignment. 
The  other  party  follows  the  transit  party  and  takes  the  elevations  of 
the  located  line.  Before  proceeding  to  work  the  level  party  ascertains, 
from  standard  cross  sections  of  the  proposed  canal,  the  depth  of  the 
cut  at  the  center.  The  levelman,  with  his  rodman,  chainman,  and 
stake-driver,  places  a  long,  slim  stake,  such  as  a  lath,  at  each  100-foot 
station  on  surface  grade.  This  surface  is  alwa}^s  at  a  fixed  distance 
above  the  bottom  of  the  excavated  canal.  If  the  proposed  canal  were 
to  be  10  feet  wide  on  the  bottom,  the  difference  between  the  bottom 
grade  and  the  surface  grade  might  be  2  feet;  if  the  proposed  canal 
were  to  be  16  feet  wide,  the  difference  might  be  4  feet,  and  so  on,  in 
like  proportion.  The  transit  party  lays  down  as  straight  and  direct  a 
location  line  as  is  possible,  consistent  with  the  grade  stakes.  These 
grade  stakes  are  visible  to  the  transitman  between  transit  points,  and 
represent  the  irregularities  of  the  surface  across  which  he  is  sighting. 
When  their  position  is  zigzag  he  usually  can  locate  a  straight  line  or  a 
curve  between  them,  so  as  to  have  an  equal  number  on  each  side  of  the 
line  and  thus  equalize,  in  a  measure,  the  excess  and  deficiency  of  exca- 
vation. A  strict  adherence  to  the  grade  line  makes  a  bad  location.  It 
not  only  increases  the  length  of  the  line,  but  introduces  a  multitude  of 
sharp  curves,  which  are  a  serious  objection  in  the  operation  of  canals. 
The  transitman  may  also  lessen  the  distance  by  building  low  embank- 
ments at  the  head  of  dry  ravines.  Instead  of  following  the  grade 
stakes  from  A  around  to  6^  and  J?,  fig.  1,  he  may  extend  the  line  from 
A  to  JB J  and  build  a  small  embankment  on  the  low  side  of  the  located 
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line.     In  canals  of  low  grade  such  ponds  as  C^  B^  A  make  good  settling 
basins,  where  the  silt  accumulates  instead  of  in  the  main  channel. 

STANDARD  CROSS  SECTIONS. 

When  the  preliminary  lines  are  being  run,  notes  are  taken  of  the 
slope  of  the  ground  and  the  character  of  the  materials.  From  this 
information,  coupled  with  a  knowledge  of  the  required  capacity,  stand- 
ard cross  sections  are  made  to  suit  the  various  slopes  and  capacities. 

In  these  sections  the  material  excavated  is  usually  placed  in  such  a 
manner  as  to  form  the  embank- 
ments.  On  level  ground  the 
embankments  are  equal,  on  slop- 
ing ground  the  greater  part  of 
the  excavated  material  is  depos- 
ited on  the  low  side,  and  on  steep 
slopes  all  of  the  material  exca- 
vated goes  to  form  the  lower 
embankment. 

In  fig.  2  is  shown  a  half  section 
of  a  canal  on  level  ground  to  carry 
about  100  second-feet  of  water 
with  a  mean  velocitv  of  between 
2i  and  3  feet  per  second.  It  is 
12  feet  wide  on  the  bottom,  with  side  slopes  of  1  to  1,  a  berm  of  3 
feet,  and  embankments  6  feet  wide  on  top.  The  depth  of  water  is  3 
feet.  To  the  right  is  a  half  section  of  the  same  canal,  showing  the 
form  it  is  likely  to  assume  after  being  in  use  several  years.  In  com- 
paring this  half  section  with  the  foimer  half  section  it  will  be  noted 
that  the  center  of  the  bed  is  slightly  eroded,  the  shaip  corner  of  the 
berm  worn  down,  and  the  material  deposited  along  the  bottom  edge. 
The  embankment  also  has  settled  and  is  of   a  semielliptical  form. 


Fie.  1.— Bmbankment  ou  low  side  of  a  canaL 


Fig.  2.~Half  section  of  a  canal  on  level  ground. 

From  an  examination  of  many  sections  obtained  from  canals  long  in 
use  the  author  is  led  to  believe  that  few  channels  in  earth  remain  long 
in  the  form  in  which  they  were  first  constructed.  The  materials  most 
commonly  met  with  assume,  in  time,  a  cross  section  similar  to  that 
shown  in  fig.  2.  Such  being  the  case,  the  utility  of  berms  is  appar- 
ent. In  the  case  under  consideration  a  part  of  the  excavated  material 
would  find  its  way  into  the  channel  and  have  to  be  removed  a  second 
time.     In  deep  cuts  or  on  steep  hillsides  berms  are  dispensed  with,  for 
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the  reason  that  it  is  more  economical  to  remove  once  a  year  the  mate- 
rial which  rolls  down  than  to  enlarge  the  section  sufficiently  to  intro- 
duce them. 

The  top  width  of  the  embankments  can  not  be  made  much  less  than 
6  feet,  unless  some  kind  of  large  grader  is  used  to  remove  the  dirt 
When  teams  are  employed  they  crowd,  unless  the  driveway  is  nearly 
6  feet  wide.  The  top  of  the  embankment  should  also  be  of  a  uniform 
grade  and  parallel  to  the  bottom  grade.  Any  excess  of  materials 
should  be  placed  on  the  outer  slope,  and  not  piled  up  in  heaps  above 
the  grade  of  the  embankment. 

In  locating  a  canal  it  is  difficult  to  plan  for  just  enough  earth  to 
make  the  embankments — ^in  almost  every  case  there  is  either  a  surplus 
or  a  deficiency.  If  the  standard  cut  at  the  center,  or  grade  rod,  as  it 
is  termed,  is  2i  feet,  as  in  fig.  2,  there  will  be  portions  with  a  depth 
of  2  feet  or  less  and  other  portions  with  a  depth  of  3  feet  or  more.  If 
these  are  adjacent,  the  excess  in  the  one  may  suffice  for  the  shortage 
in  jihe  other.  There  are  times,  however,  when  borrowing  from  some 
other  source  must  be  resorted  to.  Some  prefer  to  borrow  from  the 
bed  of  the  canal;  but  this  seems  to  be  a  bad  practice.  By  scooping 
out  the  bottom  in  places  the  grade  and  mean  velocity  are  no  longer 
uniform,  and  it  is  difficult  to  i-epair  or  clean  the  canal,  on  account  of 
the  pools  of  stagnant  water  which  are  formed  in  such  pits.  Others 
praf^r  to  widen  the  canal  without  digging  below  grade.  There  are 
serious  objections  to  these  sudden  changes  of  cross  section,  but  on  the 
whole  the  practice  is  better  than  interfering  with  the  grade.  Perhaps 
the  better  way  is  to  plan  the  standard  cross  sections  so  that  the  amount 
excavated  will  be  in  excess  of  that  required  to  form  the  embankments. 
When  a  low  place  in  the  location  is  encountered,  the  excess  material 
can  be  hauled  a  distance  of  200  feet  or  more  from  each  side,  to  make 
up  the  deficiency.  When  the  excavated  material  is  more  than  suffi- 
cient to  form  the  embankments,  the  surplus  can  be  added  to  the  outer 
slope  without  detracting  from  the  appearance  of  the  canal. 

GRADES. 

It  is  difficult  to  determine  aright  the  proper  grade  or  fall  for  a  pro- 
posed canal.  It  is  true  that  the  velocity  of  water  depends  primarily 
on  the  grade,  but  there  are  so  many  conditions  which  affect  the  flow, 
that,  having  fixed  upon  a  fall  in  a  given  length  of  canal,  it  is  not  easy  to 
predict  what  the  mean  velocity  will  be.  This  mean  velocity  is  always 
important,  for  in  nearly  every  canal  in  earth  thei'e  is  a  rate  of  motion 
which  is  adapted  to  the  character  of  the  materials  through  which  the 
water  flows.  If  this  motion  be  too  great,  the  finer  particles  will  be 
carried  away,  leaving  a  mass  of  porous  materials  through  which  much 
water  will  seep  and  percolate,  thus  reducing  the  volume  in  the  canal. 
On  the  other  hand,  if  the  motion  of  the  water  be  too  slow,  the  conse- 
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quaioes  are  also  serious.  The  sediment  borne  by  the  swift  currents  of 
mountain  streams  is  deposited  in  the  artificial  channel  and  would  in 
time  fill  it  if  not  periodically  removed.  The  capacity  of  the  canal, 
owing  to  deficiency  in  velocity,  is  also  reduced,  and,  as  is  pointed  out 
elsewhere,  aquatic  plants  seem  to  grow  more  abundantly  and  give  much 
more  trouble  in  canals  having  a  low  velocity.  As  already  stated,  veloc- 
ity depends  on  the  volume  carried,  on  the  form  of  cross  section,  and 
on  other  factors.  The  velocity  of  water  in  a  farmer's  lateral  on  a 
grade  of  50  feet  to  the  mile  may  not  be  so  great  as  that  of  the  large 
canal  on  a  grade  of  1  foot  to  the  mile.  One  of  the  laterals  of  the 
Logan  and  Hyde  Park  canal,  in  Cache  County,  Utah,  has  a  fall  of  52 
feet  to  the  mile,  and  when  measured  had  a  mean  velocity  of  li  feet  per 
second  and  a  discharge  of  0.85  second-foot.  The  Point  Lookout  canal, 
in  Boxelder  County,  Utah,  on  a  grade  of  1.43  feet  to  the  mile,  has 
a  mean  velocity  of  1.48  feet  per  second  and  a  discharge  of  87i  second- 
feet  This  great  difference  in  grade,  while  the  velocities  are  nearly 
equal,  is  to  be  accounted  for  in  both  the  forms  of  the  channels  and  the 
volumes  of  water  carried.  In  the  small  lateral  the  ratio  between  the 
water  area  and  the  f rictional  surface  was  1  to  4,  while  in  the  large 
canal  this  ratio  was  less  than  1  to  i. 

For  ditches  and  canals  built  in  conunon  earth  the  mean  velocity 
should  not  vary  much  from  2i  feet  per  second  under  a  full  head.  The 
behavior  of  such  watercourses  in  the  West  during  the  last  fifteen  years 
seems  to  verify  this  statement  Assuming  this  to  be  a  fact,  it  only 
remains  to  allow  sufficient  grade  to  produce,  under  given  conditions, 
the  required  mean  velocity. 

The  injurious  effects  of  either  too  much  or  too  little  grade  are  well 
shown  on  two  canals  in  Grallatin  County,  Montana.  The  Middle  Creek 
canal  was  built  about  thirty  years  ago,  to  divert  water  from  Middle 
Creek.  The  grade  was  established  by  means  of  a  triangle  and  plumb 
line.  With  the  dread  ever  present  in  the  minds  of  the  operators  of 
getting  too  little  fall,  they  went  to  the  other  extreme  and  allowed  too 
much  fall.  The  grade  near  the  upper  end  is  nearly  1  per  cent,  but  it 
diminishes  to  about  1  in  200  over  the  fourth  mile,  while  the  main 
branches  are  on  the  slope  of  the  valley,  which  is  from  75  to  80  feet  to 
the  mile.  In  consequence,  the  velocity  near  the  head  is,  in  places,  more 
than  5  feet  per  second,  and  the  bed  of  the  channel  is  washed  clean  of 
all  eaith  and  sediment,  leaving  a  porous  mass  of  coarse  gravel  and 
cobbles.  So  great  is  the  seepage  through  this  formation  that  the  loss 
in  4  miles  was  21.5  second-feet,  or  22  per  cent  of  the  total  flow  during 
the  month  of  July  last  The  effect  of  high  velocities  on  the  Fowler 
Switch  canal,  California,  is  shown  in  PI.  I,  A. 

The  Kleinschmidt  canal,  Montana,  was  built  iabout  twelve  j'eai's  ago 
to  divert  water  from  West  Crallatin  River.  It  was  well  located,  by  a 
competent  engineer,  but  the  gmde  adopted  was  only  sufficient  to  pro- 
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duce,  when  running  full,  a  mean  velocity  of  about  2  feet  per  second. 
Had  this  canal  been  operated  to  its  full  capacity  during  the  last  ten 
years,  the  effects  of  the  low  grade  might  not  have  been  apparent;  but 
inasmuch  as  the  volumes  carried  have  varied  from  25  to  50  second-feet, 
instead  of  100  second-feet,  its  approximate  maximum  capacity,  the 
deposition  of  silt  has  been  very  great.  In  places  this  silt  is  found 
spread  over  the  bottom,  but  more  frequently  there  is  only  a  thin  layer 
on  the  bottom  and  the  balance  is  found  fairly  regularly  deposited  on 
the  edges,  as  represented  in  fig.  3.  If  one  may  judge  by  present  con- 
ditions, the  bottom  width  was  originally  14  feet,  with  side  slopes  of 
1  to  1,  a  berm  on  the  lower  side,  and  the  embankment  about  4  feet  6 
inches  above  grade.  This  supposed  original  section  is  shown  by  the 
dotted  line,  while  the  heavy  line,  with  the  filling  of  silt  at  the  edges, 
represents  existing  conditions.  The  grade  of  this  canal,  with  the 
exception  of  the  upper  7,000  feet,  is  2.64  feet  to  the  mile.  While  the 
mean  velocity  of  the  present  flow  is  not  known,  it  is  presumed  to  be 


Fio.  3.«Kleiii8chmidt  canal,  ou  Wtwt  QallaUn  Biver,  Montana,  showing  silt  deposit  on  bottom  and 

edges. 

not  more  than  li  feet  per  second;  the  calculated  velocity,  when  the 
depth  is  2i  feet,  is  a  trifle  more  than  2  feet  per  second. 

OPERATING  CANALS  IN  WINTER. 

The  irrigation  ciinal  is  frequently  the  only  source  of  water  supply  of 
the  new  settler.  In  many  unirrigated  localities  in  the  West  well  water 
is  often  difficult,  if  not  impossible,  to  obtain.  When  extensive  areas 
of  land  are  irrigated  every  summer  for  a  number  of  years,  a  part  of 
the  water  so  used  is  absorbed  by  the  earth  and  gradually  fills  the 
underlying  strata.  In  this  way  the  water  level  is  brought  nearer' the 
surface  of  the  ground,  and  water  can  often  be  obtained  by  digging 
inexpensive  wells.  Until  this  change  is  effected,  however,  the  ne^w 
settler  depends  on  the  canal,  not  only  to  irrigate  his  crops,  but  to  fur- 
nish water  for  his  home  and  his  stock.  Hence,  for  the  accommodatioii 
of  farmers  who  have  no  other  means  of  obtaining  water,  irrigation 
canals  are  frequently  operated  throughout  the  3'ear,  with  the  exception 
of  a  short  period  in  the  early  spring  when  the  water  is  turned  out  to 
facilitate  cleaning  and  repairs. 

When  the  water  conveyed  in  the  canal  performs  the  dual  function  of 
irrigating  land  and  furnishing  a  domestic  supply  for  a  town  or  city,  it 
is  necessary  that  its  efficiency  be  maintained  during  the  winter  months. 
The  small  cities  of  the  West,  with  populations  varying  from  1,0<X>  to 
6,000,  have  usually  a  small  waterworks  plant  and  the  beginning  of  a 
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sewer  system.  Often  their  available  means  will  not  permit  the  con- 
struction of  a  conduit  to  tap  the  waters  of  a  natural  stream,  In  which 
case  a  temporary  arrangement  is  made  by  extending  the  distributive 
svstem  of  the  water  mains  to  the  nearest  available  canal  until  such 
time  as  means  can  be  provided  to  carry  the  supply  pipe  to  the  river. 
This  forms  the  second  class  of  canals  that  are  operated  during  the 
winter  months. 

The  third  class  is  operated  solely  for  mechanical  purposes,  and  since 
power  is  needed  for  milling,  manufacturing,  and  mining  in  winter  as 
weD  as  in  summer,  efforts  are  made  to  keep  such  canals  full  of  water 
during  even  the  coldest  weather.  The  difficulties  which  canal  super- 
intendents and  mill  men  experience  in  doing  this  consist  not  in  the 
removal  of  the  surface  ice,  but  in  getting  rid  of  and  overcoming  the 
bad  effects  of  anchor  ice  and  slush  ice.  The  conduits  and  canals  of 
the  Bocky  Mountain  region  head  for  the  most  part  in  the  canyons 
adjacent  to  the  cultivated  valleys.  In  winter  the  temperature  within 
these  canyons  is  from  10°  to  30°  F.  lower  than  that  of  the  bordering 
plain,  which  fact,  together  with  the  exposed  positions  and  the  high 
velocity  of  the  water,  seems  to  be  favorable  to  the  formation  of 
so-called  anchor  ice.  This  form  of  ice  differs  from  surface  ice  in  that 
it  adheres  to  the  bottom  and  sides  of  the  exposed  channel  in  small, 
long  crystals  until  the  size  of  the  water  channel  is  greatly  reduced  and 
in  time  becomes  entirely  choked.  As  the  weather  grows  warmer  the 
ice  which  has  formed  beneath  the  surface  is  detached,  rises  to  the  sur- 
face, and,  as  slush  ice,  floats  down  with  the  current.  This  slush  ice 
not  infrequently  grounds  in  the  bed  of  the  channel  and  other  ice  accu- 
mulates at  the  same  plac«,  until  an  ice  dam  is  formed  which  causes  a 
break  in  the  canal  bank.  The  portion  which  floats  down  the  canal  is 
likely  to  choke  the  intake  of  the  waterworks  or  prevent  the  operation 
of  the  gates  and  water  wheels  of  the  mills. 

Usually  ice  forms  in  thin  sheets  on  the  surface  of  cold  water.  The 
average  weight  of  a  cubic  foot  of  clear  river  water  is  about  62i 
pounds;  the  weight  of  a  cubic  foot  of  ice  is  67i  pounds.  Hence,  if  a 
block  of  ice  were  submerged  below  the  surface  of  a  stream  it  would, 
unless  held  down  by  some  force,  immediately  rise  to  the  surface.  It 
is,  however,  true  that  ice  frequently  forms  on  the  bottom  and  sides  of 
canals,  streams,  and  large  rivers  and  remains  submerged  until  a  rise  in 
temperature  withdraws  it  from  its  moorings  and  causes  it  to  float.  In 
the  United  States  this  form  of  ice  is  commonlv  known  as  anchor  ice 
or  ground  ice;  in  Canada  it  is  called  frazil  ice;  while  geologists  some- 
times apply  to  it  the  tenn  specular  ice.  According  to  Mr.  Peterson, 
chief  engineer  of  the  Atlantic  and  Northwest  Railway  Company,^  when 
soundings  were  made  during  the  winter  of  1881-82  across  the  channel 
of  St.  Lawrence  River  above  Lachine  Rapids  and  below  Lake  St.  Louis 

^  See  discusHlon  of  frazil  ice  in  Trail**.  Can.  Soc.  Civ.  Kngrs.,  Vol.  I,  Pt.  I,  p.  20.  • 
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for  the  site  of  the  present  St.  Lawrence  Bridge,  anchor  ice  from  2  to  3 
feet  deep  was  found  adhering  to  the  bed  of  the  channel.  At  this  bridge 
the  river  varies  in  depth  from  6  to  40  feet.  The  bridge  prop>er  is 
nearly  three-fourths  of  a  mile  long,  and  the  current  at  low  water  varie« 
from  2i  to  6  miles  an  hour.  The  anchor  ice  f onned  during  a  period  of 
extremely  cold  weather,  when  the  temperature  was  below  zero.  A 
subsequent  rise  in  temperature  detached  it  from  the  bed,  when  it  imme- 
diately rose  to  the  surface  and  floated  downstream  in  the  form  of 
slush  ice. 

From  observations  in  different  parts  of  this  continent,  the  conditions 
most  favorable  to  the  formation  of  anchor  ice  seem  to  be  a  water  sur- 
face uncovered  by  surface  ice,  a  temperature  at  or  below  zero,  a  clear 
sky,  and  moving  water,  caused  either  by  wind  on  lake  surfaces  or  by 
currents  in  stream  channels.  This  form  of  ice  is  seldom  found  in 
the  bed  of  a  channel  of  water  which  is  frozen  over.  It  rises  to  the 
surface  on  cloudy  days,  and  is  usually  produced,  other  conditions  being 
favorable,  during  starry  nights  or  clear  days.  It  seldom  forms  in  still 
water,  but  it  is  frequently  found  below  rapids  or  fast-moving  currents. 
A  low  temperature  is  the  chief  cause  of  this  phenomenon.  In  still 
water  in  winter  the  bed  of  the  channel  of  a  stream  or  canal  is  usually 
several  degrees  warmer  than  the  surface  of  the  water.  When,  however, 
the  bed  is  rough  and  the  grade  steep,  the  upper  layers  of  water  move 
much  faster  than  those  nearer  the  bottom,  and  instead  of  moving  in 
straight  lines  parallel  to  the  axis  of  the  stream,  the  water  advances 
in  irregular  curves.  A  particle  of  water  would  thus  describe  a  path 
similar  to  a  point  on  the  surface  of  a  revolving  object  of  the  desired 
form.  At  the  time  of  the  Johnstown  flood,  credible  witnesses  testi- 
fied that  they  saw  locomotives  floating  on  the  surface  of  the  water.  As 
a  matter  of  fact,  they  could  not  float,  but  that  they  were  brought  to 
the  surface  for  an  instant  by  the  force  of  the  revolving  current  was 
well  established.  If  we  accept  the  statement  that  the  motion  of  rapidly 
moving  water  over  a  rough  surface  is  extremely  complex,  it  follows 
that  a  particle  of  water  which  has  become  chilled  by  the  cold  at  the 
surface  will  in  a  brief  space  of  time  be  in  contact  with  the  bottom.  In 
this  way  the  temperatui*e  of  the  bed  might  be  reduced  considerably 
below  the  freezing  point,  and  crystals  of  ice  would  then  adhere  to  it  in 
the  same  manner  as  to  the  extension  rod  of  a  reservoir  valve,  which 
in  cold  weather  is  often  covered  with  a  mass  of  ice  crystals  to  the  depth 
of  an  inch  or  more.  When  the  wind  blows  cold  over  a  lake  surface, 
the  upper  2  or  3  feet  may  become  as  cold  as,  if  not  colder  than,  the 
surface  sheet  of  still  water  when  ice  begins  to  form.  In  the  former 
case,  the  water  is  full  of  ice  needles  to  a  considerable  depth;  in  the 
latter  case,  the  needles  are  congregated  in  a  horizontal  plane  at  the 
surface. 

To  successfully  operate  canals  in  winter,  attention  should  be  given 
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to  a  few  points  which,  as  the  writer  has  learned  b}'  experience,  it  is 
wise  to  observe.  One  of  these  somewhat  general  rules  is  to  increase 
the  flow  prior  to  the  beginning  of  the  ice-forming  period.  Many 
water  masters  consider  it  safer  to  turn  out  most  of  the  water  before  a 
cold  spell,  in  the  belief  that  the  canal  will  be  less  likely  to  become 
choked  and  overflow.  This  is  a  mistaken  course,  for  it  exposes  a  larger 
proportion  of  the  channel  of  the  canal  to  the  action  of  frost,  and,  other 
conditions  being  equal,  a  small  flow  will  be  converted  into  ice  jnore 
rapidly  than  a  large  flow.  It  is  better  to  maintain  an  average  flow 
before  the  beginning  of  freezing  weather,  and  if  all  of  the  water  is  not 
needed  it  may  be  allowed  to  flow  through  wasteways  near  the  lower 
end.  In  this  way  the  channel  is  kept  free  from  frost,  and  if  the  head 
19  not  allowed  to*  vary  a  thick  coating  of  ice  will  in  time  form  across 
the  top.  With  such  a  (covering  and  with  no  frost  in  the  bottom  of  the 
canal,  the  writer  has  never  known  anchor  ice  to  form. 

It  is  true  that  slush  ice  may  be  admitted  into  the  canal  through  the 
intake;  but  if  care  is  exercised  in  by -passing  or  screening  the  greater 
part  through  wasteways  at  secondary  gates,  the  remainder  which  may 
be  allowed  to  enter  the  canal  will  not  prove  troublesome,  since  the 
temperature  of  the  water  beneath  the  ice  will  be,  as  a  rule,  sufficiently 
high  to  melt  the  ice  crystals. 

AQUATIC  PLANTS  IN   CANALS. 

Two  years  ago,  at  a  farmers'  institute,  the  following  question  was 
asked:  Can  the  growth  of  water  plants  in  irrigation  canals  be  pre- 
vented, and,  if  not,  how  can  such  growth  be  most  economically  removed  ? 
In  the  discussion  which  followed  various  crude  devices  for  the  removal 
of  moss,  as  it  is  termed,  were  described,  and  the  fact  that  it  grew  most 
abundantly  in  canals  of  low  grade  and  sluggish  velocity  was  clearly 
brought  out. 

In  all  of  the  warmer  States  and  Territories  of  the  West  the  growth 
of  vegetation  in  canals  is  the  cause  of  much  annoyance  and  expense  to 
the  irrigator.  This  is  particularly  true  in  New  Mexico,  Arizona,  and 
California,  and  in  the  warmer  portions  of  Colorado  and  Utah.  In 
Montana,  Wyoming,  and  Idaho  the  temperature  of  the  irrigating 
waters  is  frequently  too  low  to  promote  the  growth  of  these  plants. 
The  disadvantages  due  to  this  cause  consist  in  the  loss  of  witter,  in 
additional  trouble  in  subdividing  the  water  among  the  several  users, 
and  in  the  greater  risk  of  breaks.  Unfortunately  the  moss  grows 
most  rapidly  at  the  time  when  waten  is  most  needed  to  irrigate  crops, 
and  to  be  compelled  to  turn  out  the  water,  as  many  are  at  such  a  time, 
until  the  sun  destroys  the  vegetation  f requenth'  results  in  a  scarcity 
of  water. 

When  no  measures  are  taken  either  to  remove  or  destroy  this  vege- 
tation the  channel  l)ecomes  more  or  less  choked,  and  the  capacity  may 
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be  reduced  in  extreme  eases  to  one-fifth  the  normal.  It  is  also  difficult 
under  such  conditions  to  divide  the  water  equitably,  for  the  reason 
that  the  water  level  on  rating  flumes  and  other  measuring  devices  often 
rises  as  the  quantity  of  water  diminishes.  In  other  words,  the  cross 
section  of  the  water  in  the  canal  remains  undiminished,  or  it  may  be 
increased,  while  the  velocity  is  uiaterially  lessened.  The  fact  that  the 
water  in  the  canals  and  flumes  stands  at  a  high  mark  while  the  volume 
flowing  through  is  really  below  the  normal  is  the  cause  of  frequent 
breaks,  since  an  attempt  is  usually  made  to  crowd  them  beyond  their 
safe  capacity. 

Of  the  scoi-es  of  varieties  of  plants  which  grow  in  the  water  of  canals 
it  would  be  impossible  to  state  with  any  degree  of  accuracy  the  natural 
conditions  best  adapted  to  the  growth  of  each.  Some  varieties,  for 
instance,  seem  to  flourish  in  the  coldest  spring  water,  while  others 
require  a  warm  temperature.  This  doubtless  accounts,  in  part  at  least, 
for  the  wide  difference  of  opinion  of  superintendents  of  waterworks 
and  irrigation  canals  in  endeavoring  to  explain  the  presence  of  such 
vegetation  in  either  the  storage  reservoir  or  the  main  canal.  Speak- 
ing generally,  one  may  say  that  the  conditions  most  favorable  to  the 
growth  of  fresh-water  plants  are:  (1)  Clear  water;  (2)  slow  velocity; 
(3)  a  surface  temperature  above  60°  F. ;  and  (4)  sunshine. 

The  writer  can  not  now  recall  a  single  case  in  which  so-called  moss 
was  found  growing  in  turbid  water.  In  1886  and  1887,  before  the 
West  Denver  reservoir  was  roofed,  immense  quantities  of  fresh-water 
algBB  formed  in  the  clear  water  of  the  reservoir,  and  yet  none  was  ever 
found  in  the  canal  and  forebay  100  feet  distant.  South  Platte  River 
supplied  both,  but  in  the  case  of  the  reservoir  the  water  was  filtered 
through  natural  underground  galleries. 

Regarding  the  second  general  rule,  numerous  instances  might  be 
cited  to  show  that  moss  grows  more  luxuriantly  in  canals  of  low 
grade,  but  two  examples  will  suffice.  The  Logan,  Hyde  Park  and 
Thatcher  canal,  diverting  water  from  Logan  River  in  Cache  County, 
Utah,  has  a  capacity  of  about  50  second-feet.  Throughout  the  length 
of  the  main  canal  the  grade  is  quite  steep,  with  the  exception  of  a  dis- 
tance of  about  1,000  feet,  where  it  is  quite  flat.  Little,  if  any,  moss 
grows  on  the  steep  portion,- where  the  velocity  is  high;  but  on  the  flat 
poition  the  channel  is  in  midsummer  nearly  filled  with  vegetable 
growth.  The  Bear  River  canal,  in  Boxelder  County,  Utah,  branches, 
at  a  point  some  6  miles  below  the  dam,  into  what  is  known  as  the  West 
(.anal  and  the  Corinne  canal.  The  West  canal  has  a  uniform  grade 
of  1.056  feet  to  the  mile  for  about  12  miles,  and  a  bottom  width  at 
the  upper  end  of  30  feet,  which  is  reduced  to  18  feet  at  the  lower 
end.  The  Corinne  canal  has  a  grade  of  2.112  feet  to  the  mile  through- 
out  the  upper  portion,  and  a  bottom  width  of  22  feet  On  Augast  17^ 
1897,  the  West  canal  was  carrying  87  socond-feet  of  water,  with  a 
mean  velocity  of  IAS  feet  per  second.     On  August  21,  1897,  the 
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Corinne  ranal  was  carrying  110  second-feet,  with  a  mean  velocity  of 
2.36  feet  per  second.  The  effect  of  this  difference  in  mean  velocity  is 
shown  in  the  growth  of  the  water  plants.  For  years  the  West  canal 
has  been  filled  with  vegetation  from  July  15  to  September  1,  neces- 
sitating frequent  dredging,  at  considerable  expense,  while  in  the 
Corinne  canal,  which  has  a  steeper  grade,  although  moss  grows  to 
some  extent,  it  has  never  demanded  any  special  attention. 

As  has  been  stated,  some  species  of  these  plants  exist  in  cold  water, 
but  by  far  the  greater  number  require  water  of  a  temperate  heat  in 
order  to  grow.  This  fact  may  readily  be  proved  by  noting  the  tem- 
perature of  the  surface  water  in  reservoirs  when  moss  first  begins  to 
appear.  The  conduit  which  supplies  the  distributive  reservoir  at 
Ogden,  Utah,  taps  three  different  sources,  viz.  Cold  Creek,  Wheeler 
Creek,  and  Ogden  River.  On  July  30,  1897,  the  temperature  of  the 
water  in  Cold  Creek  was  51°  F.,  that  of  Wheeler  Creek  55°  F.,  and 
that  of  Ogden  River  64°  F.,  while  the  water  at  the  surface  of  the 
reservoir  was  59°  F.,  with  green  algse  just  beginning  to  cover  portions 
of  the  water  slope.  On  that  day  nearly  all  of  the  water  in  the  reser- 
voir came  from  the  two  creeks,  and  showed  an  increase  in  temperature 
of  about  6°.  If  all  of  the  water  had  been  conveyed  from  Ogden  River 
instead,  with  a  corresponding  increase  in  temperature,  the  water  in 
the  reservoir  would  have  been  70°,  and  with  water  at  so  high  a  tem- 
perature the  reservoir  would  soon  have  been  filled  with  aquatic  plants. 
Owing,  however,  to  the  mingling  of  cold  water  from  snow-fed  creeks 
with  the  warmer  river  water,  the  moss  has  never  accumulated  in  suffi- 
cient quantities  to  necessitate  removal  except  by  skimming  the  surface, 
nor  has  it  proved  a  nuisance,  although  it  is  now  eight  years .  since  the 
reservoir  was  first  filled  and  used.  The  absence  of  moss  in  most  of 
the  canals  of  Montana  and  Wyoming  is  doubtless  due  to  the  fact  that 
the  temperature  of  the  water  passing  through  the  head  gates  remains 
low  throughout  the  short  irrigation  period.  In  the  evaporation  tank 
at  Bozeman,  Montana,  the  wi*iter  noticed  last  summer  that  moss  began 
to  grow  when  the  water  in  the  tank  reached  a  temperature  of  about 
65°  F. 

Sunshine  also  is  a  prime  requisite  for  plant  growth.  Water  plants 
die  when  the  rays  of  the  sun  are  excluded.  This  was  fairly  well 
demonstrated  in  the  summer  of  1888,  when  the  writer  was  building  a 
roof  over  Cemetery  Hill  reservoir,  at  Denver,  Colorado,  in  accordance 
with  plans  prepared  by  Mr.  Charles  P.  Allen,  chief  engineer  of  the 
Denver  Union  Water  Company.  During  hot  weather  in  the  month  of 
June,  when  a  space  44  feet  along  the  center  of  the  reservoir  remained 
uncovered,  moss  began  to  grow  in  14  feet  of  water  under  the  exposed 
surface.  When  the  roof  .was  completed  and  the  sunlight  excluded  all 
organic  growth  ceased  to  exist,  and  none  has  appeared  since. 

In  locating  irrigation  canals  consideration  should  be  given  to  the 
grade,  in  order  that  the  velocity  may  be  sufficient  to  overcome  the  injuri- 
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ous  effects  of  silt  and  vegetation.  To  accomplish  this,  the  mean  veloc- 
ity should  be  not  less  than  2i  feet  per  second.  When  the  mean  velocity 
is  less  than  3  feet  per  second  erosion  of  the  canal  bed  seldom  occurs, 
and  in  ordinary  materials  the  engineer  should  fix  the  grade  so  as  to 
produce  a  mean  velocity  of  about  2f  feet  per  second. .  When  the  phys- 
ical features  of  the  route  are  such  that  the  desired  velocity  can  not  be 
obtained,  the  new  canal  should  be  built  in  a  way  to  facilitate  the  removal 
of  vegetable  growth,  by  preventing  any  obstruction  in  the  canal,  such 
as  fences,  bridge  posts,  or  trestles,  and  by  removing  sagebrush  or 
willows  from  the  banks  in  order  to  permit  the  free  passage  of  teams. 
Regarding  canals  already  constructed  and  in  operation,  the  first  thing 
to  be  done  is  to  ascertain  the  easiest  method  of  removing  the  vegeta- 
tion. In  the  smaller  canals  and  ditches  irrigators  often  take  the  old- 
fashioned  scythe  and  snath  and  mow  the  weeds  while  the  canal  is  full  of 
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Fio.  4.— Section  of  rail  used  for  V-ahaped  drag  to  remove  moss  from  canal.    A  is  rail,  B  is  steel  plate. 

water.  In  other  sections  the  proprietors  prefer  to  turn  out  the  water 
for  a  week  or  ten  days  and  allow  the  sun  to  destroj^  the  water  plants. 
The  latter  plan  is  not  to  be  recommended,  on  account  of  the  serious 
injury  done  to  the  crops  through  the  lack  of  water  at  a  time  when  it 
is  most  needed;  besides,  many  of  the  older  canals  have  not  a  uniform 
bottom  grade,  and  although  the  head  gates  may  be  closed  stagnant 
water  will  usually  be  found  in  the  channels  over  the  greater  part  of 
the  line.  Harrows  and  disks  have  also  been  tried  with  some  measure 
of  success,  but  the  chief  objection  to  the  use  of  such  implements  is 
that  they  break  down  and  mix  the  weeds  with  the  clay  of  the  bed  and 
sides  instead  of  removing  them. 

At  the  time  the  writer  was  superintendent  of  the  Bear  River  canal 
system  his  assistants,  M.  Mortensen  and  J.  L.  Khead,  designed  a 
V-shaped  drag  (fig.  4)  that  was  very  effective.     It  was  formed  by  bend- 
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ing  a  lung  40-pound  railroad  rail  into  the  shape  of  an  inverted  V,  the 
baj^e  being  extended  to  equal  the  bottom  width  of  the  canal.  To  the 
flanges  of  this  rail  there  was  riveted  a  plate  of  plow  steel  sharpened  to 
a  cutting  edge,  after  the  fashion  of  the  grain-cycle  section.  At  the 
apex  of  the  V  rail  a  chain  was  attached,  to  which  were  fastened  two 
rope  cables,  which  extended  to  either  bank  and  to  which  teams  were 
hitched.  This  contrivance  was  dragged  up  and  down  the  canal  until 
the  plants  were  all  cut  and  floated  down  the  channel  to  the  most  conven- 
ient place  of  removal.  In  canals  carrying  more  than  4  feet  of  water 
the  apex  of  the  drag  and  the  rope  cables  should  be  fastened  to  a  flat 
boat.  In  more  shallow  canals  the  apex  should  be  fastened  to  the  axle 
of  a  cart  or  wagon.   This  drag  was  used  throughout  the  summer  of  1898. 

FLOW   OF  WATER. 

During  the  summer  of  1897  the  writer  was  enabled,  with  the  help 
of  his  assistants,  T.  H.  Humphreys,  A.  P.  Stover,  and  W.  D.  Beers, 
to  make  a  number  of  experiments  on  the  carrying  capacities  of  irriga- 
tion ditches  and  canals.  The  funds  necessary  to  carry  on  these  inves- 
tigations were  provided  by  the  United  States  Geological  Survey  and 
the  agricultural  experiment  station  of  Utah.  Shortly  after  the  field 
work  was  completed,  the  writer  resigned  his  position  with  the  college 
to  accept  that  of  chief  engineer  and  superintendent  of  the  Ogden  water- 
works and  the  Bear  River  canal  system,  and  since  then  his  time  has 
been  so  fully  occupied  with  other  duties  that  until  now  he  has  not  had 
an  opportunity  to  put  into  shape  for  publication  the  data  collected  two 
and  a  half  years  ago. 

About  sixty  experiments  were  made  on  irrigation  channels  varying 
in  size  from  the  small  ditch  carrying  a  few  miners'  inches  of  water  to 
the  large  canal  carrying  225  second- feet.  Experiments  were  made  on 
nearly  eveiy  form  of  ditch  common  to  Western  America,  including 
many  of  the  crudely  formed  ditches  of  the  Mormon  pioneers  made 
nearly  forty  years  ago,  as  well  as  the  more  modern  and  better  designed 
canals  of  the  Bear  River  canal  system.  The  object  sought  was  to  ascer- 
tain as  accurately  as  possible  the  present  condition  of  ditches  and 
canals  that  had  been  in  operation  a  number  of  years.  In  order  to  deter- 
mine the  volume  which  flowed  in  any  particular  ditch  and  compare  it 
with  some  well-known  empirical  formula,  such  as  Kutter's  or  Chezy's, 
it  was  necessary  to  ascertain  the  slope  of  the  surface  of  the  water,  the 
sectional  area,  the  mean  velocity,  and  the  ratio  between  the  water  area 
and  the  wetted  perimeter.  This  additional  information  regarding  the 
form  which  channels  assume  after  they  are  acted  on  by  water  and  the 
atmosphere  is.valuable  in  that  it  gives  the  builder  of  a  new  canal  some 
idea  as  to  the  proper  form  to  adopt. 

In  the  discussions  which  follow,  the  hydraulic  elements,  whether 
obtained  in  the  field  or  computed  from  data  taken  in  the  field,  have 
been  referred  to  two  well-known  formula3,  Chezy's  and  Kutter's. 
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The  carrying  capacities  of  the  conduits  and  irrigation  canals  of  the 
West  have  been  designed  in  accordance  with  Kutter's  formula.  It  is 
therefore  proper  that  experiments  on  the  flow  of  water  in  canals  should 
be  compared  with  that  formula. 

Kutter  did  not  live  long  enough  to  adapt  his  formula  to  American 
piuctice,  particularly  to  American  irrigation  practice.  His  values  of 
the  coefficient  of  roughness  (n)  were  confined  to  six  different  classes  of 
channels,  as  follows: 

Class     I,  n=0.010  for  carefully  planed  boards  or  smooth  cement. 

Class    II,  n=0.012  for  common  boards. 

Class  III,  n=0.013  for  ashlar  masonry. 

Class  IV,  .?i=0.017  for  rubble  mason r v. 

Class    V,  /i=0.025  for  channels  in  earth,  brooks,  and  rivers. 

Class  VI,  }}  =0.030  for  streams  with  detritus  and  aquatic  plants. 

It  will  be  noted  that  only  one  of  these  six  applies  to  irrigation  canals. 
Besides,  the  mode  of  building  and  the  character  of  the  materials  were 
different  from  those  which  prevail  in  America,  and  these  differences 
would  no  doubt  exert  some  influence  on  the  results.  However,  the 
late  P.  J.  Flynn,  M.  Am.  Soc.  C.  E.,  of  Los  Angeles,  California,  took 
up  the  unfinished  work  of  the  noted  Swiss  engineer  and  adapted  the 
experiments  of  Ganguillet  and  Kutter,  as  well  as  other  hydraulicians, 
to  American  practice.  Mr.  Flynn's  tables  on  the  flow  of  water  in  open 
and  closed  channels  have  materially  lessened  the  labors  of  every  Amer- 
ican hydraulic  engineer,  and  his  values  for  the  coefficient  of  roughnesi^ 
(n)  which  we  reproduce  have  been  considered  safe  guides  during  the 
last  ten  years: 

Table  giving  Uie  iHjJue  of  coefficient  of  rotighnesn  (?*)  for  different  channeb,^ 

n=.Q09j  well-planed  timber,  in  perfect  order  and  alignment;  otherwise,  perhaps,  .01 
would  be  suitable. 

n=.010,  plaster  in  pure  cement;  planed  timber;  glazed,  coated,  or  enamelled  stone- 
ware and  in)n  pij)es;  glazed  surfaces  of  every  sort  in  perfect  order. 

n=.011,  plaster  in  cement,  with  one-thinl  sand  in  good  condition;  also  for  iron, 
cement,  and  terra-cotta  pipes,  well  joined  and  in  best  order. 

n=.012,  unplaned  timber,  when  perfectly  continuous  on  the  inside;  flumes. 

n=.013,  ashlar  and  well-laid  brickwork;  ordinary  metal;  earthenware  and  stoneware 
pipe  in  good  condition,  but  not  new;  cement  and  terra-cotta  pipe  not  well 
joined  nor  in  perfect  order;  plaster  and  planed  wood  in  imperfect  or  inferior 
condition;  and,  generally,  the  materials  mentioned  with  n=.010,  when  in 
imperfect  or  inferior  condition. 

7* =.015,  second-class  or  rough-faced  brickwork;  well-dressed  stonework;  foul  and 
slightly  tuberculated  iron;  cement  and  terra-cotta  pipes,  with  imperfect  joints 
and  in  bad  order;  and  canvas  lining  on  wooden  frames. 

ri=.017,  brickwork,  ashlar,  and  stoneware  in  an  inferior  condition;  tuberculated  iron 
pipes;  rubble  in  cement  or 'plaster  in  good  order;  fine  grave.,  well  rammed,  J 
to  finches  in  diameter;  and,  generally,  the  materials  mentioned  with  n=.013 
when  in  bad  order  and  condition. 


^  Flow  of  Wat^r  In  Irrigation  Canalfl,  etc.,  by  P.  J.  Flynn,  C.  E.,  pp.  19-20. 
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n=.02O,  rubble  in  cement  in  an  inferior  condition;  coarse  rubble,  rough-eet  in  nor- 
mal condition;  coarse  rubble  eet  dry;  ruined  brickwork  and  masonry;  coarse 
gravel,  well  rammed,  from  1  to  1}  inch  diameter;  canals  with  beds  and  banks 
of  very  firm,  regular  gravel,  carefully  trimmed  and  rammed  in  defective 
places;  rough  rubble,  with  bed  partially  covered  with  silt  and  mud;  rectangu- 
lar wooden  troughs,  with  battens  on  the  inside  two  inches  apart;  trimmed 
earth  in  perfect  order. 

n=.0225,  canals  in  earth  above  the  average  in  order  and  regimen. 

/i=.025,  canals  and  rivers  in  earth  of  tolerably  uniform  cross-section,  slope,  and  direc- 
tion, in  moderately  good  order  and  regimen,  and  free  from  stones  and  weeds. 

n=.Q275,  canals  and  rivers  in  earth  below  the  average  in  order  and  regimen. 

n=:.030,  canals  and  rivers  in  earth  in  rather  bad  order  and  regimen,  having  stones  and 
weeds  occasionally,  and  obstructed  by  detritus. 

n=.  035,  suitable  for  rivers  and  canals  with  earthen  beds  in  bad  order  and  regimen, 
and  having  stones  and  weeds  in  great  quantities. 

w=.05,  torrents  encumbered  with  detritus. 

One  of  the  objects  which  the  writer  had  in  view  in  making  his 
experiments  was  to  compare  the  results,  particularly  the  values  of  the 
coefficient  of  roughness  (ti),  with  those  given  by  Mr.  Flynn  for  canals 
in  similar  condition.  The  results  are  herein  given  (p&ges  27  to  45)  in 
eight  groups,  beginning  with  canals  which  were  in  excellent  condition 
and  ending  with  those  which  were  in  very  poor  condition. 

The  field  work  consisted  in  selecting  a  suitable  portion  of  the  canal 
to  be  investigated,  in  writing  a  brief  description  of  the  prevailing  con- 
ditions, and  in  ascertaining  the  discharge  in  second-feet,  the  slope  of 
the  water  surface,  the  sectional  area,  and  the  wetted  perimeter.  The 
office  work  consisted  in  computing,  from  the  data  taken  in  the  field, 
the  mean  velocity,  the  hydraulic  mean  radius,  the  coefficient  of  rough- 
ness (n)  as  given  in  Kutter's  formula,  and  the  general  coefficient  (c)  as 
given  in  Chezy's  formula  where  V=  Cy/RS. 

The  dischi^rge  was  measured  either  by  a  current  meter  or  by  a  trape- 
zoidal weir.  The  trapezoidal  weir  designed  by  the  Italian  engineer, 
Cesare  CSppoletti,  was  preferred  to  the  Francis  rectangular  weir,  on 
account  of  the  simplicity  of  calculation  as  well  as  the  probable  greater 
accuracy.  The  one  general  equation  used  in  all  weir  calculations  was 
^=3.367  ZJSTI,  where  Q  equalled  the  discharge  in  second-feet,  L  the 
bottom  length  of  the  weir  in  feet,  and  H  the  depth  of  the  water  in 
feet  over  the  crest  of  the  weir.  The  conditions  necessary  for  accurate 
measurement  were  carefully  observed,  such  as  a  low  velocity  of 
approach,  a  free  fall,  complete  contraction  on  the  bottom  and  sides, 
and  a  close  measurement  of  the  head  of  water  over  the  weir. 

In  determining  the  discharge  by  means  of  the  current  meter  the 
results  were  not  so  accurate,  but  in  every  case  from  three  to  six  sepa- 
rate and  distinct  current-meter  measurements  were  made,  and  it  was 
thought  that  the  mean  of  all  of  these  measurements  would  not  vary 
much  from  the  actual  discharge.     At  the  close  of  the  field  work  the 
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current  meter  was  carefully  rei'ated  at  the  rating  station  in  Washing- 
ton, and  the  new  rating  table  was  used  in  the  calculation  of  the  veloi'i- 
ties  of  flow  in  the  canals  tested. 

The  average  cross  section  was  obtained  by  plotting,  in  different 
colors  and  on  a  large  scale,  the  three  or  more  cross  sections  taken  in 
the  field.  A  new  perimeter  was  then  adopted  from  the  typical  cross 
section,  which  represented  the  average  of  the  cross  sections  plotted. 
Its  length  was  found  by  a  pair  of  dividers,  its  area  by  a  planimeter. 
The  depths  of  water  given  in  the  tables  are  taken  from  the  typical  cross 
section,  but  approach  very  -nearly  to  an  average  of  all  of  those  taken 
in  the  field  at  any  one  point. 

The  slope  of  a  canal,  represented  by  the  fall  of  a  given  portion, 
usually  from  100  to  200  feet,  divided  by  the  distance,  was  determined 
by  a  new  Buff  and  Berger  18-inch  level  and  a  leveling  rod  reading  to 
thousandths  of  a  foot.  The  slope  of  a  water  surface  is  difficult  to 
ascertain  with  accuracy,  for  the  reason  that  in  nearly  all  channels  there 
are  pulsations  which  cause  the  surface  to  rise  and  fall.  Again,  in  irri- 
gation canals  long  in  use  the  bottom  grade,  owing  either  to  abrasion  or 
sedimentation,  is  seldom  uniform,  and  the  flow  of  water  in  any  com- 
paratively short  portion  is  more  or  less  influenced  by  the  velocity  in 
the  section  above;  e.  g.,  if  a  portion  100  feet  in  length  had  a  fall  of 
4  feet  to  the  mile,  and  another  portion  just  below  had  a  fall  of  3  feet 
to  the  mile,  the  influence  of  the  steeper  grade  of  the  higher  portion 
would  be  felt  on  the  lower  portion.  One  could  pai*tially  eliminate  the 
error  from  this  source  by  taking  a  long  distance  as  a  test,  but  this 
would  introduce  greater  errors  due  to  alignment  and  diversity  of  cross 
section.  The  method  followed  in  determining  the  slope  was  to  drive 
small  wire  finishing  nails  into  the  tops  of  submerged  oak  stakes  at 
each  end  of  the  section  to  be  tested.  It  was  not  always  possible  to 
have  the  top  of  the  nail  coincide  exactly  with  the  surface  of  the  water, 
but  this  introduced  no  error  in  the  results,  provided  the  heads  of  both 
nails  occupied  the  same  relative  position  to  the  surface  of  the  water. 
In  the  case  of  pulsations  or  slight  waves  caused  by  winds,  the  tops  of 
both  nails  were  even  with  either  the  highest  or  the  lowest  water  sur- 
face. Under  ordinary  conditions  this  method  will  give  as  accurate 
results  as  those  obtained  by  hook  gages. 

Having  obtained  all  of  the  hydraulic  elements,  either  from  data 
taken  in  the  field  or  from  calculations  made  in  the  office,  the  coefficients 
c  in  the  Chezy  formula  and  7^  in  the  Kutter  formula  were  then  com- 
puted and  checked. 

The  following  are  the  results  of  42  of  60  experiments  made,  arranged, 
as  abeady  stated,  in  eight  groups,  beginning  with  canals  which  were 
in  excellent  condition  and  ending  with  those  which  were  in  very  poor 
condition. 
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Gnori*  No.  1. 

[n  equals  0.0134  to  0.0184.] 

Experiment  X<f.  21, — This  experiment  was  made  on  the  main  line  of 
the  Bear  River  canal,  about  7  miles  below  the  dam  and  about  200  feet 
above  the  division  gates.  Water  was  first  turned  into  this  portion  of 
the  system  by  the  writer  in  the  spring  of  1891,  and  during  the  six 
yi^ars  of  operation  the  action  of  the  water  had  changed  the  section  from 
a  trapezoidal  form  having  a  bottom  width  of  about  15  feet  and  side 
.slopes  of  1  to  1  to  that  of  the  segment  of  an  ellipse,  as  shown  in  fig.  5. 
The  formation  is  clayey  loam  and  the  channel  when  measured  was  cov- 
ered with  a  coating  of  sediment  but  was  entirely  free  from  vegetation, 
gravel,  or  pebbles,  and  was  of  regular  cross  section  and  in  excellent 
condition.  Three  current-meter  measurements  were  made,  with  the 
following  results : 

X  Second-feet. 

First  meaflurement 226. 56 

Second  measurement 224. 94 

Third  measurement 225. 14 

Average '. 225. 55 

The  results  of  this  experiment  are  given  in  the  table  on  page  30. 

Experiment  No,  12, — This  experiment  was  made  on  the  Bear  River 
City  canal,  900  feet  below  the  head  gates.  This  canal  is  a  branch  of 
the  Bear  River  canal  system,  and  the  conditions  regarding  materials, 
length  of  time  in  opei-ation,  and  coating  of  fine  sediment  were  similar 
to  those  of  experiment  No.  21.  When  first  made,  this  channel  was 
ti-apezoidal,  with  1  to  1  slopes,  but  it  has  since  changed  to  the  form 
outlined  in  fig  5.  Current-meter  measurements  were  made  at  the  top, 
middle,  and  bottom  of  the  portion  tested,  with  the  following  results: 

Seoond-feet. 

Top  measurement 10. 54 

Middle  measurement 10. 91 

Bottom  measurement 10. 58 

Averaf^e 10. 68 

For  the  results  of  this  test  see  the  table  on  page  30. 

Experiirvent  No,  38, — ^This  test  was  made  on  a  lateral  of  the  Bear 
River  amal  in  that  part  of  the  valley  known  as  Roweville,  Utah. 
This  lateral  was  in  good  condition  and  was  lined  with  clayey  sediment 
similar  to  that  referred  to  in  the  previous  descriptions.  The  discharge 
was  obtained  by  means  of  a  trapezoidal  weir,  the  bottom  length  of 
which  was  3.15  feet.  The  depth  of  water  on  the  crest  was  0.822  foot. 
The  cross  section  is  shown  in  fig.  6.  For  the  results  of  *  the  test  see 
the  table  on  page  30. 

Experiment  No.  16. — The  place  selected  for  this  experiment  was  on 
the  Corinne  branch  of  the  Bear  River  canal,  about  4  miles  below  the 
division  gates.     This  canal  had  been  operated  six  years,  and  although 


28 


CONVEYANCE   OF    WATER   FOB   IBBIOATION. 


[V0.4S. 


its  section  when  new  was  horizontal  on  the  bottom,  with  side  slopes  in 
excavation  of  1  to  1,  its  form  at  the  time  of  the  test  approached  the 
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Fig.  6.— Sections  of  canals  experimented  npon. 

segment  of  an  ellipse,  as  may  be  seen  by  a  reference  to  fig  5.     Where 
the  test  was  made  the  canal  was  entirely  free  from  vegetation^  and 
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there  was  nothing  to  obstruct  the  flow  except  the  friction  on  the 
smooth  perimeter,  which  was  coated  with  fine  silt.  Meter  measure- 
ments were  made  at  the  top,  middle,  and  bottom  of  the  portion  chosen, 
which  was  100  feet  in  length,  with  the  following  results: 

Secoud-fect. 

Top  measurement 109. 09 

Middle  measurement 109. 52 

Bottom  measurement 110. 07 

Average ,.1 109.56 

For  the  results  of  the  test  see  the  table  on  page  30. 

Experiment  No,  22. — This  test  was  made  on  the  CJorinne  branch, 
8ome  6  miles  below  the  place  where  the  last  test  was  made,  at  a  point 
about  1,300  feet  below  the  Lower  Malade  crossing.  (Fig.  5. )  The  date 
of  the  experiment  was  September  9,  1897,  which  accounts  for  the  small 
volume  in  the  canal,  the  irrigation  season  in  that  section  being  nearly 
past.  This  canal  is  similar  to  those  previously  described,  and  was  in 
excellent  condition  at  the  time  of  the  experiment.  The  formation  was 
a  clayey  loam,  and  the  action  of  the  water  for  six  summers  had  left  the 
channel  quite  smooth  and  well  coated  with  silt.  The  discharge  was 
obtained  by  meter  measurement  in  the  usual  manner.  The  results  of 
the  test  are  given  in  the  table  on  page  30. 

Exfpervment  No.  2. — ^This  test  was  made  on  a  60-foot  length  of 
Affleck's  mill  race,  near  Logan,  Utah.  The  general  fonn  of  the  cross 
section  is  shown  in  fig.  5.  The  channel  was  composed  of  gravel  rang- 
ing in  size  from  small  particles  to  one-half  inch  in  diameter,  with  an 
occasional  pebble  2  inches  in  diameter.  The  sides  were  in  fair  condi- 
tion, with  some  weeds  near  the  edge^  which  did  not,  however,  interfere 
to  any  appreciable  extent  with  the  flow  of  water.  The  discharge  was 
obtained  from  the  mean  of  the  following  current-meter  measurements: 

Second-feet. 

Upper  measurement 15. 152 

Do 15.360 

Middle  measurement 15. 574 

Do 15.870 

Lower  measurement 15. 28.3 

Do 14.836 

Average 15.346 

The  results  of  the  test  are  given  in  the  table  on  page  30. 

Experiment  No.  3. — On  June  23,  1897,  a  site  for  an  experiment  was 
selected  on  the  Logan,  Hyde  Park  and  Smithfield  canal  (fig.  5),  near 
the  mouth  of  Logan  Canyon,  Cache  County,  Utah.  Water  was  first 
turned  into  this  canal  in  1882,  and  at  the  time  of  the  experiment  it 
had  been  operated  fifteen  years.  The  bottom  and  sides  were  smooth 
and  composed  of  earth  and  gravel.  The  particles  of  gravel  varied 
in  size  from  one-half  inch  to  1  inch  in  diameter,  with  some  pebbles 
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canal  (see  fig.  6),  built  in  1864-1867,  and  the  largest  ditch  diverting 
water  from  Logan  River.     The  bottom  and  »ide8,  which  were  smooth 
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in  good  condition.     Meter  measurements  were  made  at  three  points  in 
the  100-foot  section,  with  the  following  results: 

Second-feet. 

Top  measurement 68. 59 

Do 68.76 

Middle  measurement 68. 80 

Do 68.76 

Bottom  measurement 67. 90 

Do 68.58 

Average 68.56 

For  results  see  table  on  this  page. 

Experiment  No.  4^. — This  test  was  made  on  a  60-foot  section  of  the 
Logan,  Hyde  Park  and  Smithiield  canal  near  its  point  of  diversion  in 
Logan  Canyon  (fig.  6).  The  channel  was  composed  of  well-packed, 
coarse  gravel  and  small  cobbles,  the  common  sizes  being  1  inch,  2  inches, 
and  3  inches  in  diameter,  in  about  equal  proportion.  There  were  some 
weeds  on  one  edge,  but  it  is  doubtful  whether  they  retarded  the  flow. 
This  canal  had  been  operated  since  1882.  The  following  are  the  results 
of  the  current-meter  measurements: 

Second-feet. 
Top  measurement 51. 09 

Do 51.01 

Middle  measurement 51. 52 

Do 51.07 

Bottom  measurement 51. 92 

Do 51.57 

Average 51. 36 

The  results  of  the  test  are  given  in  the  following  table: 

TabU  showing  values  of  hydraulic  dements  in  group  No.  S. 


'    Experi- 
ment. 

DiB- 
cbaxge. 

Area  of 

water 

section. 

Mean 
velocity. 

Hydraulic 
mean 
radins. 

Wetted 
peri- 
meter. 

Coeffi- 
cient of 
rough- 

nees  (n). 

Slope. 

Coeffi- 
cient (c).* 

No.  13.. 
No.  16 . . 
No.  17 . . 
No.  20.. 
No.  48 . . 
No.   6.. 
No.  4.. 

Sec-feeL 

2.53 

22.28 

23.55 

4.03 

0.56 

68.56 

51.36 

Sq.feet. 

2.23 

11.50 

21.78 

4.00 

1.03 

32.02 

20.61 

Feetper 
second. 

1.14 

1.94 

1.08 

1.01- 

0.54 

2.14 

2.49 

0.50 
1.07 
1.40 
0.52 
0.14 
1.74 
1.52 

LinecU 
feet. 

4.46 

10.80 

15.60 

7.73 

7.19 

17.80 

13.56 

0.0194 
0. 0195 
0. 0197 
0.0201 
0.0204 
0. 0211 
0.0213 

Feetper 

fo<a. 
0.00068 
0.00062 
0.00015 
0.00056 

o.ooia5 

0.00046 
0.00077 

61.55 
74.63 
75.72 
59.22 
39.29 
75.63 
73.05 

*In  Chezy'B  formula. 


Gboup  No.  3, 

[n  equals  0.0218  to  0.0288.] 

ExperimerU  No.  11. — This  experiment  was  made  on  the  Point  Look- 
out canal  (fig.  7)  when  the  volume  carried  (87.29  second-feet)  was  small 
lER  43 8 
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compared  with  the  maximum  capacity,  which  is  nearly  600  second- 
feet.  The  surface  width  was  nearly  36  feet;  the  depth  of  water  at 
the  deepest  place  about  2i  feet.  The  section  chosen  was  entirely  free 
from  aquatic  plants,  but  more  or  less  vegetation  was  to  be  found  both 
above  and  below  this  site.  The  channel  was  smooth  and  composed  of 
a  clayey  loam  lined  with  sediment.  The  current-meter  measurements 
were  as  follows: 

Seoond-feet 

Top  measurement 87. 64 

Middle  measurement 87. 82 

Bottom  measurement 86. 40 

Average 87.29 

For  results  of  test  see  table  on  page  37. 

Experiment  No.  S9. — ^The  Providence  Town  canal  (fig.  7)  was  only 
part  full  when  measured  by  weir  on  September  16,  1897.  The  length 
of  the  weir  was  2  feet,  the  depth  of  water  0.376  foot.  The  bed  was 
composed  of  well-packed  and  smooth  gravel  about  the  size  of  Spanish 
nuts,  embedded  in  sand  and  sediment.  There  was  no  vegetation. 
The  ditch  had  been  in  use  about  thirty  years.  The  results  of  test  are 
given  in  the  table  on  page  37. 

Experiment  No,  19. — ^The  Lewiston  canal  (fig.  7),  begun  in  1860  and 
completed  in  1880,  diverts  water  from  Cub  River  and  serves  the  bench 
lands  near  Franklin,  Idaho,  and  Lewiston,  Utah.  It  is  capable  of  con- 
veying about  125  second-feet  when  running  full,  but  at  the  time  of  the 
experiment  it  contained  only  32.72  second-feet.  The  channel  consisted 
of  smooth,  light-colored  clay,  but  about  one-fifth  of  the  perimeter  was 
covered  with  a  growth  of  fibrous  moss,  locally  termed  "frog  moss." 
The  meter  measurements  were  as  follows: 

Seoond-fcet. 
Top  measurement 33. 22 

Do 32.92 

Middle  measurement 32. 94 

Do 32.54 

Bottom  measurement 32. 33 

Do 32.39 

Average 32. 72 

For  results  see  table  on  page  37. 

Experiment  No.  31. — This  experiment  was  made  on  the  Providence 
Upper  canal  (fig.  7),  near  the  town  of  Providence,  Utah.  The  con- 
ditions were  similar  to  those  of  No.  29.  The  flow  was  measured  over 
a  weir  2  feet  in  length  and  having  0.494  foot  of  water  flowing  over  the 
crest.     The  results  of  test  are  given  in  the  table  on  page  37. 

Experiment  No.  H,. — ^This  test  was  made  on  a  late  ml  of  the  Bear 
River  canal  near  Central  farm  (fig.  7).  The  formation  was  a  clayey 
loam;  the  water  channel  was  coated  with  sediment,  and  also  contained 
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patches  of  what  is  locally  termed  "horsetail  moss" — an  aquatic  plant 
which  grows  to  a  length  of  6  or  more  feet.     The  presence  of  this 
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Fig.  7.— Sections  of  canals  experimented  upon. 

plant,  together  with  somewhat  uneven  edges,  doubtless  retarded  the 
velocity. 
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The  discharge  was  obtained  from  the  average  of  three  meter  measure- 
men  t<8,  which  were  as  follows: 

Second-feet. 

Top  measurement 4. 69 

Middle  measurement 4. 67 

Bottom  measurement 4. 54 

Average 4.63 

For  results  see  table  on  page  37. 

Experiment  No.  39. — In  this  instance  a  portion,  80  feet  in  length,  of 
the  Central  farm  lateral  No.  2  (fig.  7)  in  the  vicinity  of  the  section 
tested  in  experiment  No.  14  was  used.  The  conditions  were  similar  to 
No.  14,  except  that  there  was  no  moss  in  the  bed;  a  few  bunches  of 
grass  were,  however,  scattered  along  the  edges.  Clay  and  sediment 
formed  the  bottom.  The  discharge  was  measured  over  a  weir.  The 
results  of  the  test  are  given  in  the  table  on  page  37. 

ExperiTTient  No.  9. — ^The  Walker  Tract  carnal  (fig.  7),  a  continuation  of 
the  Point  Lookout  canal,  was  built  in  1892,  to  carry  a  much  larger  vol- 
ume of  water  than  indicated  in  this  experiment.  The  true  grade  was 
between  3  and  4  feet  to  the  mile,  but  at  the  time  of  the  experiment  the 
irrigators  had  inserted  dams  in  the  channel  at  different  points,  to  raise 
the  water  surface.  This  partly  accounts  for  the  low  grade  of  0.63  foot 
to  the  mile,  although  this  figure  may  be  too  low,  owing  to  the  action 
of  waves  on  the  canal  at  the  time  the  elevations  were  taken.  The 
channel  consisted  of  clayey  loam,  and  it  was  free  from  vegetation. 
The  meter  measurements  were  as  follows: 

Seoond-feet. 

Top  measurement 38. 70 

Middle  measurement 38. 72 

Bottom  measurement : 38. 23 

Average 38. 55 

The  results  of  the  test  are  given  in  the  table  on  page  37. 

Eseperirnent  No.  1. — This  test  was  made  on  the  Providence  canal  (fig. 
7),  which  diverts  water  from  Logan  Eiver.  The  bed  was  composed  of 
gravel  about  the  size  of  peas,  with  other  particles  about  the  size  of 
small  walnuts  scattered  about.  There  was  no  vegetation,  and  the  dis- 
charge was  found  by  taking  the  average  of  the  following  meter  meas- 
urements: 

Second-feet, 

Top  measurement 10. 21 

Do 9.95 

Middle  measurement 9. 86 

Do 10.20 

Bottom  measurement 9.  75 

Do 9.93 

Average 9. 98 
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The  results  of  the  test  are  given  in  the  following  table: 

Table  showing  vahw^  of  hydraulic  dements  in  group  No,  S. 


Rxperl- 
ment 

Dis- 
chaige. 

Area  of 

water 

section. 

Mean 
velocity. 

Hydraulic 

mean 

radius. 

Wetted 
peri- 
meter. 

Coeffi- 
cient ol 

rough- 
ness (n). 

Slope. 

Coeffl- 
clent(c).« 

No.  11 . . 
No.  29.. 
No.  19. . 
No.  31.. 
No.  14.. 
No.  39. . 
No.    9.. 
No.    1.. 

SeC'feeL 

87.29 

1.55 

32.72 

2.34 

4.63 

7.90 

38.55 

9.98 

2.55 
27.53 
3.29 
3.89 
5.74 
38.32 
5.26 

Feetper 
second. 

1.48 

0.61 

1.19 

0.71 

1.19 

1.38 

1.01 

1.90 

1.60 
0.40 
1.52 
0.48 
0.65 
0.71 
1.83 
0.71 

Ltneal 
feet. 

36.73 
6.34 

18.08 
6.80 
6.00 
8.12 

20.90 
7.40 

pppppppp 

Feetper 
fod. 

0.00027 

0.00040 

0.00020 

0.00043 

0. 00075 

0. 000875 

0.00012 

0. 00175 

71.19 
48.00 
68.07 
49.34 
54.03 
55.38 
67.83 
53.85 

*  In  Chezy's  formula. 

Group  No.  4. 
[n  equals  0.0238  to  0.0260.] 

Experiment  No.  5, — ^This  test  was  of  a  50-foot  length  of  the  College 
and  City  canal  (fig.  8),  a  branch  of  the  Logan,  Hyde  Park  and  Smith- 
field  canal.  The  bed  was  of  coarse  gravel,  ranging  in  size  from  parti- 
cles one-half  inch  to  2  inches  in  diameter,  more  or  less,  embedded  in 
finer  materials.  The  edges  were  somewhat  irregular,  with  some  willow 
roots,  but  there  was  no  vegetation  in  the  channel.  The  meter  measure- 
ments were  as  follows: 

Seoond-feet 

First  trial 7.73 

Second  trial 7. 54 

Third  trial 7.48 

Fourth  trial 7.63 


7.60 


Average 

The  results  are  given  in  the  table  on  page  39. 

Eayperiment  No,  27, — ^This  test  was  of  a  100-foot  length  of  the  Logan, 
Hyde  Park  and  Thatcher  canal  (fig.  8),  near  Logan,  Utah.  The  sides 
of  the  channel  were  smooth  and  coated  with  sediment.  The  bottom 
consisted  of  earth,  gravel,  and  pebbles,  some  of  the  latter  being  2i 
inches  in  diameter.  The  coarser  material  covered  about  one-fourth 
of  the  perimeter.     For  results  see  table  on  page  39. 

Experiment  No.  18, — This  experiment  was  also  made  on  the  College 
and  Cit\"  canal  (fig.  8).  There  was  no  vegetation  to  check  the  velocity, 
but  the  sides  were  uneven,  and  the  bed  was  covered  with  fragments 
of  disintegrated  flat  rock,  ranging  in  size  from  one-half  inch  to  2 
inches  across  the  greatest  dimension.  The  meter  n^asurements  were 
as  follows: 

Second-feet. 

Top  meaeurement 5. 69 

Middle  measurement 5. 67 

Bottom  measurement 5. 61 


Average 

The  results  are  given  in  the  table  on  page  39. 


5.66 
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[NO. -18. 


ExpervmeiU  No.  63. — The  discharge  of  the  small  ditch  known  as  the 
Hvrum  canal  (fig.  8),  on  which  this  experiment  was  made,  was  meas- 
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Fio.  8.— Sections  of  canals  experimented  upon. 

urea  over  a  weir.     The  sides  of  the  channel  were  of  earth,  but  about 
half  of  the  perimeter  along  the  bottom  was  covered  with  rock  frag- 
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ments  from  i  inch  to  1  inch  across.     Weeds  and  alfalfa  grew  up  to  the 
edge  of  the  water.     The  results  are  given  in  the  following  table: 

TMe  sfiovjing  vaJtLes  of  hydraulic  elements  in  group  No.  4' 


Experi- 
ment. 

Dis- 
charge. 

Area  of 

water 

section. 

Mean 
velocity. 

Hydraulic 
mean 
radius. 

Wetted 
perim- 
eter. 

Coeffi- 
cient of 
rough- 
ness (n). 

Slope. 

Coeffi- 
cient <c).* 

Feet  pa- 

Lineal 

Feetper 

.^iec.-fed. 

Sq.ftel. 

second. 

feet. 

Soot. 

No.    5.. 

7.60 

2.59 

2.93 

0.55 

4.73 

0.0238 

0.00616 

50.43 

No.  27  . . 

60.23 

30.60 

1.97 

1.62 

18.90 

0.0246 

0.0006 

63.16 

No.  18 . . 

5.66 

3.51 

1.61 

0.65 

5.44 

0.0247 

0.0016 

50.18 

No.  63.. 

1.57 

1.87 

0.84 

0.35 

5.28 

0.0260 

0.0013 

38.92 

♦  In  Chezy's  formula. 

Gi 

loup  No. 

5. 

[n  equals  0.0293  to  0.0619.] 

ExperiTnerd  No.  4S. — ^This  experiment  was  made  on  a  Central  farm 
lateral  of  the  Bear  River  canal  (fig.  8).  The  discharge  was  measured 
over  a  weir.  The  bed  was  composed  of  clay,  but  the  cross  section  was 
not  uniform,  and  there  were  a  few  bunches  of  grass  scattered  along 
the  edges. 

Experiment  No.  37. — ^This  experiment  also  was  made  on  one  of  the 
Central  farm  laterals  (fig.  8),  and  nearly  the  same  conditions  were 
found  as  existed  in  the  preceding  experiment. 

Estperiment  No.  61. — This  experiment  was  on  a  small  lateral  of  the 
Thatcher  canal  (fig.  8).  There  was  a  narrow  board  on  each  edge,  as 
shown  in  the  figure.  The  bottom  was  coarse  gravel  and  cobbles,  rang- 
ing in  size  from  large  peas  to  goose  eggs.  The  discharge  was  deter- 
mined by  weir  measurement. 

Experiment  No.  61^. — ^This  experiment  was  on  the  Hyrum  canal 
(fig.  9),  which  at  the  time  of  the  test  carried  only  a  large  irrigation 
stream.  The  flow  was  measured  over  a  weir.  The  sides  were  consider- 
ably overgrown  with  alfalfa  and  weeds,  and  the  bed  consisted  of  cobbles 
from  the  size  of  hazelnuts  to  that  of  walnuts. 

TcH^  showmg  values  of  hydraulic  dements  in  group  No.  6. 


Experi- 
ment. 

No.  42.. 
No.  37.. 
No.  51 . . 
No.  64.. 

Dis- 
charge. 

Area  of 

water 

section. 

Mean 
velocity. 

Hydraulic 

mean 

radius. 

Wetted 
perim- 
eter. 

Coeffi- 
cient of 
rough- 
ness (n). 

Slope. 

Coeffi- 
cient (c).* 

39.24 
45.08 
33.51 
33.55 

Sec.-feet. 
8.08 
7.83 
1.08 
2.47 

Sq.feet. 
4.79 

12.79 
1.44 
2.82 

Feetper 
second. 
1.69 
0.61 
0.75 
0.88 

0.56 
1.08 
0.44 
0.49 

Lineal 
feet. 

8.56 

11.80 

3.25 

5.79 

0.0293 
0.0295 
0. 0310 
0. 0319 

Feetper 
fooL 

0.0033 

0.00017 

0. 00113 

0.0014 

*  In  Chezy's  formula. 
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Group  No.  6. 
[n  equals  0.0829  to  O.0665.] 

Expei^ment  No.  56. — ^This  experiment  was  on  a  Smithfield  canal 
lateral  (fig.  9)  in  Cache  County,  Utah.  The  bed  consisted  of  cobbles 
partially  covered  with  silt.  The  edges  had  been  made  irregular  by 
cattle.    The  discharge  was  measured  over  a  weir. 

Experiment  No.  IfH. — ^This  experiment  was  on  a  small  lateral  of  the 
Logan  and  Hyde  Park  canal  (fig.  9)  on  one  of  the  streets  of  Smithfield, 
Cache  County,  Utah.  It  will  be  noted,  by  referring  to  the  table  on 
this  page,  that  the  fall  is  about  1  per  cent,  but  that  the  mean  velocity  is 
only  1.35  feet  per  second.  This  small  channel  was  composed  wholly 
of  loose,  coarse  gravel,  varying  in  size  from  that  of  a  pea  to  that  of  a 
small  hen's  egg.     The  discharge  was  measured  over  a  weir. 

Experiment  No.  S6. — ^This  experiment  was  on  the  Logan  and  Benson- 
Ward  canal  (fig.  9),  in  Cache  County,  Utah.  In  this  case  the  flow  was 
much  impeded  by  horsetail  moss,  which  covered  about  three-fourths 
of  the  water  section.  The  bed  was  composed  of  medium-sized  gravel, 
and  the  discharge  was  ascertained  by  meter  measurement. 

Experiment  No.  33. — ^This  is  another  instance  in  which  a  small  vol- 
ume of  water  flowed  very  slowly  over  a  rough  surface,  notwithstanding 
that  the  fall  was  64  feet  to  the  mile.  This  experiment  was  on  a  lateral 
of  the  Hyrum  canal  (fig.  9),  near  the  town  of  Hyrum,  Cache  County, 
Utah.  The  channel  consisted  chiefly  of  rock,  ranging  in  size  from  1 
inch  to  3  inches  in  diameter.    The  flow  was  measured  over  a  weir. 


TahU  showing  values  of  hydraulic  elements  in  group  No,  6. 


Experi- 
ment. 


Dis- 
charge. 


Area  of 

water 

section. 


No.  66. . 
No.  47.. 
No.  26.. 
No.  33.. 


Sec.  -fed. 

1.29 

0.86 

24.69 

0.81 


Sq.feft. 

2.97 

0.63 

29.14 

0.80 


Mean 
velocity. 


Fed  per 
tecond. 

0.43 

1.36 

0.84 

1.02 


Hydraulic    Wetted 
mean    I     peri- 
radius.    I    meter. 


Coeffi- 
cient of 
rough- 
neflB(i»). 


0.62 
0.27 
1.32 
0.20 


Lineal 
feel. 

6.70 

2.32 

22.00 

4.00 


0.0329 
0.0337 
0.0362 
0.0366 


Slope. 


Coeffi- 
cient (e). 


Fbetper 
fooi 

0.000363 

0.00991 

0.00033 

0. 01212 


32.02 
25.87 
40.33 
20.68 


*  In  Chezy's  formula. 
Group  No.  7. 

[n  equals  0.0377  to  0.0424.] 

Experim^ent  No.  67. — ^This  test  was  on  a  small  lateral  of  the  Smith- 
field  City  canal  (fig.  9),  which  had  a  steep  grade  and  a  rough  channel, 
made  up  principally  of  coarse  gravel  and  cobblesf  The  flow  was 
measured  over  a  weir.     (See  table  on  page  42.) 

Experiment  No.  62. — At  the  time  of  the  test  this  small  lateral  of  the 
Hyrum  canal  (fig.  9)  was  partially  overgrown  with  alfalfa,  and  there 
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was  a  strip  of  moss  on  each  side  which  covered  about  one-fifth  of  the 
channel,  which  was  made  up  of  flat  fragments  of  rock  from  1  inch  to 
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3  mches  across  the  longest  diameter.     A  weir  was  used  to  determine 
the  discharge. 
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Experimerd  No,  56. — ^This  experiment  was  on  a  lateral  of  the  Smith- 
field  City  canal  (fig.  10)  at  Smithfield,  Utah.  The  conditions  were 
similar  to  those  of  No.  57.  The  edges  of  the  lateral  were  rough  and 
uneven,  and  the  bed  a  mass  of  pebbles  and  cobbles  washed  clean  by 
the  large  flow  in  the  early  part  of  the  season.     (See  table  below.) 

Experiment  No.  24* — ^This  test  was  on  a  well-formed  canal  (fig.  10), 
the  property  of  the  Brigham  City  Electric  Light  Company,  located 
near  the  mouth  of  Boxelder  Canyon,  in  the  county  of  the  same  name. 
The  bed  consisted  of  medium-sized  gravel,  unpacked,  and  about  one- 
third  of  the  water  area  was  filled  with  long,  waving,  water  plants, 
resembling  horsetails.  The  presence  of  these  plants  retarded  the 
velocity,  and  no  doubt  changed  the  degree  of  roughness  from  a  value  of 
about  0.020  to  that  given  in  the  table— 0.0424.  Only  two  meter  meas- 
urements were  made,  but  these  check  very  closely;  they  were  30.99 
and  31.16  second-feet.     The  results  are  given  in  the  following  table: 

Table  showing  values  of  hydraulic.  eJements  in  group  No.  7. 


Experi- 
ment. 

Dis- 
charge. 

Area  of 

water 

section. 

Mean 
velocity. 

Hydraulic 

mean 

radius. 

Wetted 
perl- 
meter. 

Coeffi- 
cient of 

rough- 
ness (n). 

Slope. 

1 

Coeffi- 
cient (€).• 

No.  57 . . 
No.  62 . . 
No.  66 . . 
No.  24 . . 

Sec-fed. 

1.48 

2.47 

1.17 

31.07 

Sq./eet. 

1.11 

6.55 

1.06 

20.44 

Feet  per 
second. 

1.33 

0.44 

1.10 

1.62 

0.23 
0.77 
0.23 
1.62 

Uneal 
feet. 

4.76 

7.20 

4.70 

12.60 

0. 0377 
0. 0393 
0.0423 
0.0424 

Feelper 
foU, 

0. 0171 

0.00029 

0. 0170 

0. 00116 

21.07 
29.62 
17.93 
35.19 

*  In  Chezy's  formula. 


Group  No.  8. 

[n  equals  0.0469  to  0.0609.] 

The  results  of  the  experiments  in  this  group  are  given  in  the  table 
on  page  44. 

Experiment  No.  35. — This  experiment  was  made  on  a  small  stream 
(fig.  10)  which  supplies  the  Temple  grounds  in  Logan,  Utah.  The 
natural  channel  was  made  up  of  sand  and  silt,  but  at  the  time  the 
experiment  was  made  it  was  more  than  one-third  full  of  horsetail  moss. 
The  discharge  was  ascertained  by  weir  measurement. 

Experiment  No.  Ifi. — ^This  experiment  was  on  a  canal  at  Brigham, 
Utah  (fig.  10),  which  was  more  than  half  filled  with  horsetail  moss. 
The  edges  were  also  overgrown  with  watercress  and  weeds,  but  the 
part  of  the  bottom  which  was  exposed  was  covered  with  fine  gravel. 

Experiment  No.  53. — ^This  test  wa.M  on  a  small  lateral  of  the  Thatcher 
canal  (fig.  10)  near  Logan,  Utah.  About  two-thirds  of  the  lateral  was 
more  or  less  covered  and  filled  with  horsetail  moss.  The  remainder  of 
the  exposed  surface  of  the  bed  was  sediment. 
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Experiment  No.  S£. — ^This  test  was  on  another  small  lateral  of  the 
Thatcher  canal  (tig.  10).    The  bed  wa«  composed  of  fine  silt,  but  about 

Experiment  No. 56,  ^M^THF\ELD  CITY  CANAL  LATERAL 


4. 6-f  eet 

l.ft  2.0  2.B 


1.0 


BRIQHAM  CITY  ELECTRIC  LIGHT  COMPANY'S  CANAL 

.Experiment  No,  24, 

^^  -  10.7  feet 


TEMPLE  HILL  LATERAL 

^i  Experiment  No.  S5. 


0.12ft 


1.6  feet 

0^8 1.0 


i 

r  ....  — 

1 

1 

1 

1 

s 

^ 

o'l 

•< 

I  1 

V   1 

o 

Experiment  No.  46. 


»8  t.O    2.0     8.0     4.0     B.0     6.0     7.0      g.0     9.0     tO.O  11.0  12.0   13.0    14.0   1 B. 0    16.0  17.0  18.0   19.0 


BRIGHAM  CITY  CANAL 
1 9.6  feet 


^ — r 


s 


CJi 


-r 


^Sxperiment  No.  5S. 


THATCHER  CANAL  LATERAL 


jf 

^0.128        0.8                1. 

0 

6.0    feet- 

0                 2.8 

8.0                3.5 

4.0                  4.9 

4 

1. 

8               2. 

T 

y 

• 
6 

6 

6               J>^ 

/ 

Fio.  10.— Sections  of  canaln  experimented  upon. 


three-fourths  of  the  entire  channel  was  covered  with  aquatic  plants 
similar  to  those  described  in  the  preceding  experiments. 
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TahU  showing  valuer  of  hydraulic  elements  in  group  No.  8, 


Experi- 
ment. 


No.  35.. 
No.  46.. 
No.  53 . . 
No.  52 . . 


Dis- 
charge. 


Sec-feet. 

0.28 

23.40 

1.08 

1.08 


Area  of 

water 

section. 


Sq.Jeet. 

0.52 

35.76 

2.57 

2.90 


Mean 
velocity. 


Feetper 
second. 

0.54 

0.65 

0.42 

0.37 


Hydraulic 

mean; 

radius. 


0.25 
1.74 
0.48 
0.58 


Wetted 
peri- 
meter. 


Lineal 
feet. 

2.10 

20.50 

5.30 

4.98 


Coeffi- 
cient of 

rough- 
ness (n). 


0.0469 
0.0499 
0. 0519 
0.0529 


Slope. 


Coeffi- 
cient (c).* 


Feetper 
fooL 


16.28 


0.00442 
0.00028  I  29.60 
0. 00107  18. 41 
0. 00064  I   19. 16 


*In  Chezy's  formula. 

The  writer  presents  these  results  of  experiments  in  the  hope  that 
they  may  aid  those  building  and  operating  irrigation  systems  in  the 
West  to  arrive  at  a  better  understanding  regarding  the  behavior  and 
carrying  capacities  of  irrigation  canals.  In  planning  new  systems  it 
is  necessary  to  know  the  approximate  volume  of  water  which  each  new 
channel  will  carry.  As  has  been  stated,  the  formula  most  generally 
used  for  this  purpose  is  that  of  Kutter.  But  Kutter's  formula  will 
give  results  either  too  great  or  too  small,  in  proportion  as  one  chooses 
too  low  or  too  high  a  value  for  the  coefficient  of  roughness  (n). 

The  experiments  made  in  the  past  to  determine  the  values  of  n  for 
canals  have  been  largely  confined  either  to  new  channels  or  to  condi- 
tions somewhat  different  from  those  which  prevail  in  Western  America. 
In  the  case  of  new  canals  it  is  believed  that  the  coefficient  of  roughness 
of  the  wetted  surface  is  much  greater  than  it  is  in  canals  of  similar  form 
and  materials  when  the  wetted  surface  is  well  coated  with  fine  sedi- 
ment. The  friction  seems  to  depend  quite  as  much  on  the  way  in 
which  the  gravel  and  cobbles  are  packed  as  on  their  size.  Again,  the 
effect  of  water  plants  in  retarding  the  velocity  of  water  in  canals  has 
usually  been  considered  less  than  our  experiments  indicate. 

On  account  of  the  dissimilarity  between  the  physical  conditions  of 
the  channels  from  which  the  present  values  of  7i  have  been  derived  and 
the  ditches  and  canals  of  irrigated  America,  the  writer  has  attempted, 
in  the  following  table,  to  assign  values  for  n  which  are  moi*e  in  accord- 
ance with  the  conditions  now  existing  in  the  Rocky  Mountain  States. 
Future  experiments,  however,  in  which  the  details  are  more  carefully 
looked  after,  may  modify  these  values  of  n. 

Values  of  n  for  irrigation  ditches  and  canals. 

n=0.0175  for  canals  in  earth  in  excellent  condition,  well  coated  with  sediment,  Tej?a- 

lar  in  cross  section,  and  free  from  vegetation,  loose  pebbles,  and  cobbles. 
n=0.020  for  canals  in  earth,  in  good  condition,  lined  w^ith  well-packed  gravel,  partly 

covered  with  sediment,  and  free  from  vegetation. 
71=0.0225  for  canals  in  earth,  in  fair  condition,  the  wetted  surface  being  lined  with 

sediment,  with  an  occasional  patch  of  minute  algse,  or  composed  of  looee 

gravel  without  vegetation. 
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n=0.Q250  for  canals  in  earth,  in  average  condition,  having  few  sharp  bends,  and 
being  fairly  uniform  in  cross  section;  the  water  slopes  and  ])ottom  being  lined 
with  sediment  and  minute  algse,  or  composed  of  loose,  coarse  gravel  and 
fragments  of  rock  less  than  2  inches  in  diameter,  and  free  from  vegetation. 

n=0.0275  for  canals  in  earth,  below  the  average  in  grade,  alignment,  and  cross  sec- 
tion, having  indentations  on  the  sides,  the  edges  in  places  being  partially 
filled  with  earth  and  gravel,  and  the  lining  composed  of  coarse  gravel  and 
cobbles  unpacked.  This  value  would  also  apply  to  a  smooth,  regular  surface 
if  the  channel  were  partially  filled  with  aquatic  plants. 

n=0.0300  for  canals  in  earth,  in  rather  poor  condition,  having  the  bed  partially  cov- 
ered with  debris,  or  having  comparatively  smooth  sides  and  bottom,  with 
bunches  of  grass  and  weeds  projecting  into  the  water  and  with  aquatic  plants 
growing  in  the  channeL 

n=0.0350  for  small  ditches  having  a  rough,  uneven  bed,  and  for  canals  in  earth  in 
fairly  good  condition,  but  partially  filled  with  aquatic  plants. 

n=0.040  for  canals  in  earth  the  channels  of  which  are  about  half  full  of  aquatic  veg- 
etation. 

n=0.050  for  canals  in  earth  the  channels  of  which  are  about  two-thirds  full  of  aquatic 
vestetation. 

The  writer's  experiments  on  the  flow  of  water  in  irrigation  ditches 
and  canals,  herein  briefly  described,  seem  to  justify  the  following  con- 
clusions: 

(1)  That  sections  of  canals  in  earth,  although  carefully  built,  of  a  trapezoidal  form, 
with  the  bottom  width  horizontal,  soon  change  to  segments  resembling  those  of  an 
ellipse. 

(2)  That  in  all  large  or  medium-sized  canals  in  earth  berms  are  necessary  in  order 
to  prevent  a  portion  of  the  excavated  material  from  rolling  into  the  canal. 

(3)  That  during  the  first  season  of  their  operation  the  carrying  capacities  of  irri- 
gation canals  are  less  than  during  subsequent  seasons,  provided  the  same  conditions 
are  maintained. 

(4)  That  the  coefficient  of  friction  in  canals  well  lined  with  sediment,  in  good 
condition  and  long  in  use,  is  less  than  usually  has  been  supposed. 

(5)  That  the  frictional  resistance  of  coarse  materials,  such  as  gravel,  pebbles,  or 
cobbles,  depends  to  a  large  extent  on  whether  such  material  is  well  packed  or  loose. 

(6)  That  roughness  in  a  small  ditch  exerts  a  greater  influence  in  retarding  flow 
than  the  same  degree  of  roughness  exerts  in  a  large  canal  or  a  river. 

(7)  That  in  the  past  canal  builders  have  to  a  great  extent  overlooked  the  injurious 
effects  of  the  growth  of  aquatic  plants. 

(8)  That  the  effects  of  water  plants  in  checking  the  flow  and  lessening  the  capacity 
of  irrigation  canals  may  be  much  greater  than  a  rough,  uneven  channel. 

(9)  That  in  the  sections  of  the  arid  West  where  such  vegetation  grows  abundantly 
the  canals  should  be  built  in  such  a  way  as  to  prevent  its  growth,  or,  if  that  is 
impracticable,  provision  should  be  made  to  facilitate  its  removal. 

WOODEN  FliUMBS. 

A  half  century  ago  the  pioneers  of  Utah  built  flumes  of  native  lum- 
ber to  convey  irrigating  water  across  ravines  or  to  strengthen  weak 
places  in  canals  in  earth.  Since  that  time  their  use  in  the  Rocky 
Mountain  States  has  steadily  increased,  and  the  cost  of  those  at  present 
in  service  would  aggregate  many  million  dollars.  Notwithstanding 
their  extended  use  they  have  not  proved  satisfactory.  The  short  life 
of  lumber  when  placed  in  contact  with  the  soil  and  the  difficulties 
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experienced  in  making  wooden  flumes  water-tight  have  been  a  fruitful 
source  of  annoyance  and  expense  and  have  brought  such  structures 
into  disfavor. 

During  the  last  fifteen  years  many  substitutes  have  been  tried,  such 
as  stave  pipes,  half-round  flumes,  cemented  canals,  and  inverted 
syphons,  and  although  these  later  devices  are  more  durable,  as  a  rule 
they  cost  more,  and  it  is  questionable  whether  they  will  soon  supplant 
the  wooden  flume.  Like  the  railroad  trestle,  the  wooden  flume  mav  be 
regarded  as  a  temporary  structure,  but  it  possesses  certain  advantage^} 
which  every  canal  proprietor  or  superintendent  will  appreciate.  It  is 
cheap,  the  materials  of  which  it  is  composed  can  be  readily  and  quickly 
procured,  and  the  time  occupied  in  building  is  short.  So  long  as  lum- 
ber is  comparatively  cheap  and  other  building  materials,  such  as  Port- 
land cement,  are  high,  it  is  reasonable  to  conclude  that  the  use  of 
wooden  flumes  will  be  continued.  The  question  for  consideration  is, 
therefore,  the  discovery  of  remedies  for  existing  defects,  rather  than 
the  construction  of  new  structures  to  take  the  place  of  the  old  ones. 
The  defects,  as  well  as  some  of  the  remedies  that  might  be  applied, 
will  be  pointed  out  in  the  following  discussion  of  the  various  features 
of  the  construction  of  wooden  flumes. 

FLUME   LINING. 

During  the  infancy  of  irrigation  in  the  West  flumes  were  put 
together  in  so  unworkmanlike  a  manner  that  leaks  were  the  rule  and 
not  the  exception.  The  lumber  was  frequently  of  inferior  quality, 
full  of  knots,  unevenly  Sawed,  and  imperfectly  dried.  The  lining 
consisted  of  2-inch  planks  spiked  to  the  posts  and  sills,  and  in  less 
than  a  year  the  joints  between  the  edges  of  the  planks  would  be  suffi- 
ciently open  to  admit  the  fingers  of  a  man's  hand.  Laths  and  edgings 
were  often  driven  into  these  open  joints  and  afterwards  they  were 
calked  with  gunny  sacks  or  oakum  soaked  in  pitch.  When  the  rough 
edges  of  the  planks  were  beveled  so  as  to  leave  a  space  at  the  joint 
having  the  form  of  a  V,  as  shown  in  fig.  11,  at  a,  it  was  possible  to  calk 
the  joint,  but  if  the  edges  sloped  in  the  opposite  direction  and  left  the 
opening  on  the  outside,  as  in  fig.  11,  at  5,  the  calking  would  not  remain 
in  place. 

Engineers  and  canal  superintendents  first  tried  to  remedy  these 
defects  by  putting  on  a  double  lining — an  extravagant  use  of  lumber. 
These  linings  were  made  by  nailing  battens  over  each  longitudinal 
joint  (fig.  11,  (?),  by  placing  a  2-inch  layer  over  inch  boards  (fig.  11,  rf), 
by  using  two  layers  of  inch  boards  (fig.  11,  <?),  or  by  using  2-inch  planks 
beneath  inch  boards  (fig.  11,  f).  In  Montana  1-inch  by  4b-inch  and 
1-inch  by  6-inch  battens  over  joints  are  common,  but  they  invariably  are 
placed  on  the  side  next  to  the  water,  while  in  the  opinion  of  the 
writer  they  should  be  placed  on  the  outside.  If,  for  example,  battens 
were  laid  on  the  sills  and  the  planks  placed  above  them,  the  jointa  in 


FOBTIER.] 


WOODEN    FLUMES. 


47 


the  latter  would  fill  with  sediment;  besides,  the  action  of  the  sun 
would  not  warp  or  curl  the  battens.     If  double  linings  of  uneven 
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Fig.  11.— Methods  of  making  joints  in  floor  of  fltune. 

thickness  are  used,  it  is  preferable  to  lay  the  thinner  layer  first;  other- 
wise the  action  of  the  sun  will  cause  inch  boards,  particularly  when 
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they  become  partially  decayed,  to  draw  through  the  nails.    This  same 
objection  applies  to  the  use  of  a  double  lining  of  inch  boards. 

The  double-lined  flumes  of  Colorado  have  not  fulfilled  the  expecta- 
tions of  their  builders.  By  using  2-inch  planks  over  inch  boards  the 
cost  is  increased  nearly  50  per  cent  and  the  durability  is  diminished. 
Experience  has  shown  that  a  double  lining  will  decay  more  rapidly 
than  a  single  2-inch  lining.  Besides,  sand  and  sediment  are  likely  to 
accumulate  between  the  two  floors,  and  to  freeze  in  winter  and  cause 
displacement  of  the  upper  floor,  so  that  the  main  object  of  the  double 
floor — the  prevention  of  leaks — is  not  always  accomplished. 

The  common  tongue  and  groove  joint  (fig.  11,  g)  has  also  been  tried, 
but  with  little  success.  The  cost  of  milling  the  edges  of  planks,  the 
diflSculty  experienced  in  laying  them,  and  the  liability  that  the  pro- 
jections on^each  side  of  the  groove  will  split  oflF  when  the  lining  warps, 
have  prevented  this  form  of  joint  from  being  extensively  used. 

At  the  present  time  the  tendency  among  irrigation  engineers  and 
superintendents  is  to  demand  a  better  grade  of  lumber  for  flume  lin- 
ings, to  insist  that  the  work  shall  be  planned  far  enough  in  advance  of 
construction  to  secure  well-seasoned  lumber,  and  to  prepare  the 
lumber  at  the  mills  in  such  a  manner  that  the  liability  to  leak  may  be 
either  wholly  prevented  or  greatly  lessened.  Only  one  lining  is  used, 
and  its  thickness  may  vary  from  li  to  2i  inches,  depending  on  the  size 
of  the  flume  and  other  conditions. 

The  writer  would  recommend  either  the  driven-tongue  joint  or  the 
ship  lap  joint.  The  half-timbered  or  ship  lap  joint  (fig.  11,  i)  is  well 
adapted  to  linings  varying  in  thickness  from  li  to  If  inches.  It  is 
true  that  it  requires  from  8  to  9  per  cent  more  lumber  to  allow  for  the 
lap,  besides  the  extra  cost  of  milling;  but  notwithstanding  this,  the 
total  cost  is  much  less  than  that  of  a  double  lining,  and  if  shrinkage 
occurs  there  is  an  excellent  opportunity  to  calk  the  open  space,  in 
which  case  there  is  no  chance  for  the  filling  to  work  through  the  joint 
In  the  smaller  flumes  the  edges  are  usually  painted  with  white  lead, 
and  in  the  larger  flumes  with  hot  asphalt,  both  being  applied  during 
the  process  of  construction. 

The  driven-tongue  joint  (fig.  11,  h)  requires  thicker  lumber;  other- 
wise the  projections  at  the  edges  of  the  groove  would  be  likely  to 
split  oflf.  A  lining  2i  inches  thick  may  have  a  groove  on  each  edge 
five-eighths  inch  deep,  which  will  admit  a  tongue  five-eighths  inch 
thick  and  seven-eighths  inch  wide.  These  tongues  are  milled  from 
clear  lumber  and  have  the  four  sharp  edges  removed.  The  flooring  is 
first  laid,  and  as  each  plank  is  fitted  to  ite  place  the  tongue  Sa  inserted 
in  the  groove.  No  tongue  is  inserted  in  the  last  joint  of  the  floor 
until  after  the  planks  have  been  matched  and  sprung  into  position, 
after  which  the  tongue  is  driven  into  the  groove  from  one  end.  The 
longitudinal  joints  in  the  sides  of  the  lining  are  rendered  water-tight 
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by  driving  wedges  between  the  tiebeam  and  the  upper  edge  of  the 
lining. 

FBAMEWORK. 

Flumes  are  placed  either  on  piles,  on  trestles,  or  on  mudsills,  and 
the  form  of  the  framework  is  modified  to  suit  the  foundation. 

A  cross  section  of  a  flume  resting  on  piles  is  shown  in  fig.  12.  Each 
set  of  piles  is  sawed  off,  after  being  driven,  and  capped  with  a  dimen- 
sion timber  which  is  secured  to  each  pile  by  means  of  a  drift  bolt. 
The  stringers  are  then  laid  on  the  caps  and  the  flooring  is  nailed  to  the 
stringers.  The  chief  objection  to  this  form  of  construction  is  the  early 
decay  of  the  piles  at  the  surface  of  the  ground.     When  thus  exposed, 
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«  Fio.  12.'^ro88  section  of  flume  resting  on  piles. 

ordinary  piles  decay  in  about  seven  years.  Frequently  the  top  of 
the  piles  next  to  the  cap  is  sound,  as  well  as  the  portion  that  is  cov- 
ered with  earth  more  than  2  feet  in  depth.  In  repairing  flumes  of 
this  kind  the  practice  of  the  writer  has  been  to  excavate  the  earth 
around  each  pile  to  a  point  beyond  the  decayed  portion,  remove  the 
decayed  wood,  then  recap  the  sound  portion  and  introduce  a  trestle 
between  the  new  cap  and  the  flume. 

When  flumes  are  placed  on  trestles  the  ordinary  railroad  trestle  is 

used.     Small  flumes,  such  as  that  shown  in  fig.  13,   have  only  two 

inclined  supports;  in  the  larger  flumes  one  or  more  vertical  posts  are 

inserted  between  the  inclined  posts.     Sometimes  farmers  make  use  of 
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round  poles  to  support  iSuines  across  ravines,  in  tlie  manner  shown  in 
Pi.  Vn,  B^  whicli  represents  the  Wilson  canal  flume,  east  of  Ogden, 
Utah.     As  a  rule,  it  is  a  mistake  to  make  use  of  a  wooden  flume  when 


Fig.  is.— End  and  side  elevation  of  flume  on  trestle. 

trestles  more  than  10  feet  high  are  required.     Some  other  form  of 
constiiiction,  such  as  the  inverted  siphon,  should  be  adopted. 

Very  often  portions  of  canals  in  earth,  when  located  on  steep  hill- 


Fio.  14.— Details  of  construction  of  flume  for  steep  hillsid  es. 


sides,  absorb  so  much  moisture  as  to  become  a  source  of  danger  to  the 
canal  and  a  menace  to  the  property  owners  in  the  vicinity.  In  the 
past  the  canal  in  such  weak  places  has  usually  been  replaced  by  a 
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wooden  flume  somewhat  similar  in  construction  to  that  shown  in  fig. 
14.  The  same  kind  of  flume,  with  the  exception  of  the  mudsills,  is 
frequently  seen  in  rocky  canyons,  where  a  shelf  has  been  blasted  out 
to  a  suflicient  width  to  support  it.  Occasionally,  too,  one  sees,  as  in 
fig.  15,  a  fliune  which  rests  partly  on  rock  and  partly  on  timber  sup- 
ports. Fig.  15  is  a  cross  section  of  the  Dolores  canal  No.  2,  in  La 
Plata  County,  Colorado. 

Flumes  may  also  be  divided  into  two  classes,  readily  distinguishable 
by  the  manner  of  supporting  the  vertical  posts.     In  the  Rocky  Moun- 


FiG.  15.— Crom  section  of  Dolores  canal  No.  2,  La  Plata  Coonty,  Colorado. 


tain  States  the  posts  are  usually  held  in  position  by  a  horizontal  tie- 
beam  bolted  at  its  ends  to  a  pair  of  vertical  posts.  In  California  it  is 
customary  to  dispense  with  the  tiebeam,  and  substitute  therefor  an 
inclined  brace  extending  from  the  floor  sill  to  a  point  in  the  upper 
half  of  each  post.  If  one  takes  the  trouble  to  compute  the  total 
amount  of  lumber  required  for  each  of  these  types,  it  will  be  found  that 
the  use  of  a  tiebeam  is  more  economical  of  lumber  in  all  except  the 
largest  flumes.     When  a  flume  is  more  than  20  feet  wide  it  may  pay 
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to  introduce  inclined  braces  to  secure  the  vertical  posts;  otherwise  the 
horizontal  tiebeams  are  preferable. 

Fig.  16  shows  a  joint  designed  by  the  writer  to  connect  tiebeams 
with  vertical  posts.     This  kind  of  joint  leaves  the  tiebeam  undimin- 


J^ast  GxO 


? 


Fig.  le.^Joint  designed  to  connect  tiebeams  with  vertical  posts. 

ished  in  thickness  at  the  ends,  where  it  is  liable  to  split  and  be  cracked 
by  the  sun;  it  provides  an  ample  shoulder  to  prevent  wind  or  earth 
pressure  from  overturning  the  sides;  and,  being  dovetailed,  it  is 
stronger  than  the  conunon  half-timbered  joint. 
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Fig.  17.— Detail  of  connection  of  poet  with  sill  of  flume. 

Mortise  joints  are  now  seldom  used  in  building  flumes;  experience 
has  shown  that  the  sills  first  decay  around  the  mortise.  Besides,  the 
holding  power  of  a  pinned-tenon  joint  in  saturated  pine  wood  is  but 
slight     Vertical  posts  are  now  usually  toe-nailed  onto  the  sills,  and  if 
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there  is  any  likelihood  of  the  flooring  settling  away  from  the  posts  and 
sides,  straps  of  steel  should  be  .bolted  to  each  post  and  to  the  sill  on 
which  it  rests,  in  a  manner  similar  to  that  shown  in  fig.  14. 

On  the  Bitter  root  stock  farm,  owned  by  the  late  Mr.  Marcus  Daly 
and  located  near  Hamilton,  Montana,  there  are,  in  all,  more  than  5 
miles  of  flumes  on  the  various  canals  which  supply  water  to  that  exten- 
sive ranch.  These  flumes  are  similar  to  those  shown  in  PL  VIII. 
They  were  designed  by  Mr.  F.  A.  Jones,  of  Anaconda,  Montana,  chief 
engineer  of  the  Anaconda  Copper  Company.  The  vertical  posts, 
spaced  4  feet  between  centers,  consist  of  two  pieces  of  2-inch  by  6-inch 
joists,  spiked  with  40-penny  wire  nails  to  a  4:-inch  by  6-inch  siU  and 
tiebeam.  The  drawing  shows  a  3-inch  by  6-inch  tiebeam,T)ut  this  was 
afterwards  replaced  by  a  4-inch  by  6-inch  piece.  These  flumes  are 
lined  with  2i-inch  plank,  surfaced,  edged,  and  grooved  in  the  manner 
shown  in  PI.  VIII,  and  although  built  of  green  lumber  they  have 
always  been  practically  water-tight.  At  the  time  of  the  writer's  visit 
to  this  farm,  in  May,  1900,  there  were  flumes  of  this  design  that  did 
not  leak  one  gallon  per  second  in  the  length  of  a  mile.  In  discussing 
this  form  of  framework  for  flumes  with  Mr.  Carlson,  the  carpenter 
and  contractor  who  built  them,  he  was  of  the  opinion  that  the  2-inch  by 
6-inch  posts  should  be  gained  into  the  sills  and  the  tiebeams  as  shown 
in  fig.  17.  The  following  tables  give  a  list  of  the  lumber  required  for 
a  16-foot  length  of  the  flimie  and  the  dimensions  of  the  standard  trestle 
bents  of  various  heights: 

Ligt  of  lumber  required  for  a  Id-foot  length  of  S-foot  hy  5-foot  flume  uaedin  Skalkaho  diichf 

on  BUlerroot  tiockfarm,  near  Hamilton,  MorUana, 


Parte. 

Number 
of  pieces. 

Size. 

Board 
measure. 

Kind  of  lumber. 

Sidefl  and  bottom 

Bottom  yoke 

11 

4 

4 

16 

4 

8 

16 

3 

4 

Ins.    Ina.    Ft. 
2JX12  X16 

4     X  6  X  7 
3X6X7 
2X6X4 
3X6X3 
1  X     iXl6 

{^|}x  21X10 

4     X  4  X16 
2J  X12  X  7 

Feet. 
440 

56 
42 
64 
18 
20 

5 

64 
70 

Surfaced     one    side, 
both    edges,    and 
grooved. 
Common  rough. 
Do. 
Do. 
Do. 
Clear  first-clase. 

Common  rough. 

Do. 
Do. 

Top  voke 

Side  yoke 

Side-joint  covers 

Tongues 

Wedges 

Stringers 

Subsills 

Total 

779 
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Dimensions  of  parts  of  standard  tresUe  herds  for  S-foot  by  S-foot  flume  as  used  in  Skalkaho 

ditch  f  on  Bitterroot  stock  farm,  near  Hamilton,  Montana, 


Plumb 

Material 

Bottom  of 

post,  top 

for  batter 

• 

Bin  to  top 

of  sill  to 

and 

SUl. 

Sway  braces. 

Sash. 

Diagonal  braces. 

of  stringer. 

bottom  of 
cap. 

pinmb 
posts. 

• 

J^.    ins. 

FL   ins. 

Feel. 

FrH. 

I^eL 

IM. 

Frtft. 

3  8... 

4  8... 

5  8... 

6  8... 

7  8... 

o      o.  .  . 

9    6... 

10  6... 

11  6... 

12  6... 

13  6... 

14  4... 

15  4... 

16  4... 

1  71 

2  71 

3  71 

4  71 

5  71 

6  71 

7  51 

8  51 

9  51 

10  51 

11  51 

12  31 

13  31 

14  31 

15  21 

16  21 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

8 

8 

10 

10 

10 

10 

10 

12 

12 

12 

12 

12 

12 

14 

• 

8 

10 
10 
12 
12 
12 
14 
14 
14 
16 
16 
18 
18 

18 

18 
20 
20 
20 
22 
22 
22 

- 

17  3... 

18  3... 

16 
17 

14 
14 

20 
12  and  14 

22 
24 

"'"'"lO""" 

19    3... 

17    21 

18 

14 

14 

10 

24 

20    3... 

18    21 

19 

14 

14  and  16 

10 

26 

21    2... 

19    11 

20 

14 

14  and  16 

10 

26 

22    2... 

20    11 

21 

16 

14  and  16 

10 

20 

23    2... 

21     11 

22 

16 

16  and  18 

10 

20 

24    2... 

22    11 

23 

16 

16  and  18 

10 

20 

25    2... 

23    11 

24 

16 

16  and  18 

10 

22 

26    1... 

24    01 

25 

16 

16  and  18 

10 

22 

27    1... 

25    01 

26 

16 

16  and  18 

10 

22 

29    4... 

r25    01 
1  1    71 

26 
2 

|l6  and  18 

/16, 18,  and\ 
1      8-10      / 

10 

22 

31     4... 

/25    01 
I  3    71 
/25    01 
1  5    71 

26 
4 

ll6  and  18 

/16,  18,  andl 
1        10        / 

10 

22  and  18 

33    4... 

26 
6 

|l6  and  18 

/16, 18,  andl 
1      10-12     / 

10 

22  and  18 

35    2... 

/25    01 
I  7    51 

26 

8 

|l6  and  20 

/16, 18,  andl 
I     12-14     / 

10 

22  and  18 

37    2... 

/25    01 
1  9    51 
/25    01 
111    51 

26 
10 

ll6  and  20 

(16, 18,  and\ 
1        14        / 

10 

22  and  20 

39    2... 

26 
12 

|l6  and  20 

/16, 18,  andl 
1      14-16     / 

10 

22  and  20 

41     0... 

r25    01 
113    31 

26 
14 

|l6  and  20 

/16, 18,  andl 
1      16^18     / 

10 

22 

42  11... 

/25    01 
\15    21 

26 
16 

|l6  and  22 

/16, 18,  and\ 
\     18-20     / 

10 

22  and  24 

44  11... 

/25    01 
117    21 

26 

18 

ll6  and  22 

/16,  18,  12,1 
1  and  12-14/ 

10  and  18 

22  and  26 

46  10... 

/25    01 
1l9    11 

26 
20 

|l6  and  22 

/16,18,12-14,\ 
land  14-16/ 

10  and  18 

22  and  20     1 

48  10... 

(25    01 
121    11 

26 
22 

|l6  and  24 

/16,  18,  14,1 
land  14-16/ 

10  and  18 

22  and  20 

50  10... 

/25    01 
123    11 

26 

24 

|l6  and  24 

;16,18,14-16,1 
1  and  16-18  / 

10  and  18 

22 

52    9... 

/25    OJ 
\25    Oi 

26 
26 

|l6  and  24 

/16, 18,  and\ 
\     16-18     / 

10  and  18 

22 

A  common  type  of  the  small  distributing  flume  is  shown  in  fig.  18. 
The  lining  is  usually  li  inches  thick  and  16  feet  long.     The  bottom  is 
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12  inches  and  the  sides  are  8  inches,  with  collars  eveiy  4  feet.  The 
lumber  is  usually  prepared  at  the  mills,  and  each  section  of  the  flume 
is  dipped  in  hot  coal  tar  or  asphalt  as  soon  as  completed.  In  the 
orchards  of  southern  California  such  flumes  are  frequently  used  to 
distribute  water  to  the  various  furrows,  by  means  of  2-inch  holes 
spaced  midway  between  every  two  collars  and  controlled  by  a  galvan- 
ized-iron  slide.  Fig.  19  illustrates  a  modification  of  these  standard 
distributing  flumes  which  was  built  by  the  writer  to  convey  a  small 
stream  of  water  to  experiment  plats  on  the  farm  of  the  experiment 
station  of  Utah. 

FROTECnON  OF  ENDS. 

It  is  often  difficult  to  make  a  secure  and  water-tight  connection 
between  the  end  of  a  flume  and  an  earthen  canal.     Various  devices 
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Fio.  18.— A  common  tyi>e  of  small  distributiDg  flume. 

to  accomplish  this  object  have  been  used,  but  space  will  not  permit 
more  than  a  brief  description  of  those  most  commonly  adopted.  This 
is  an  important  feature  of  canal  construction,  for  a  large  percentage 
of  the  breaks  which  have  occurred  are  traceable  to  defective  connec- 
tions at  the  ends  of  the  flumes.  When  flumes  are  built  to  convey 
water  across  ravines  they  should  extend  some  distance  beyond  the 
edges  of  the  ravines;  otherwise  a  small  leak,  if  unobserved,  may  wreck 
a  costly  structure. 

Two  forms  of  apron  are  used  to  prevent  the  passage  of  water  either 
beneath  or  at  the  sides  of  a  wooden  flume,  viz,  the  inclined  apron  and 
the  vertical  apron.  The  inclined  apron  extends  downward  from  the 
floor,  below  grade,  at  an  angle  of  about  20^,  at  which  slope  the  lower 
ends  of  apron  planks  10  feet  long  would  be  3  feet  below  the  bed  of  the 
canal.     The  side  wings  extend  into  the  banks  at  even  a  greater  angle, 
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and  impervious  earth  is  carefully  tamped  around  both  bottom  and 
sides.  This  mode  of  protecting  the  ends  is  reasonably  secure,  but 
there  are  serious  objections  to  it.     In  the  first  place,  it  requires  a  large 
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Fio.  19.— Modifications  of  standard  distributing  flume.    At  a  is  a  view  of  flume  showing  method  of 
joining  ends;  b  is  a  cross  section  of  flume  and  yoke;  c  is  a  side  elevation  of  flume  and  yokes. 

amount  of  material,  and  if  we  except  the  floor,  which  is  below  grade 
and  always  moist,  this  material,  in  the  form  of  planking  and  dimension 
timbers,  is  placed  in  contact  with  earth  and  will  decay  in  a  few  years. 
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There  is  another  objection  to  the  side  Tvings:  Every  sudden  change  in 
cross  section  of  water  channels  is  likely  to  produce  eddies.  When 
water  flows  through  a  rectangular  flume  and  the  section  is  suddenly 
enlarged  by  wings  plJBU^ed  at  an  angle  of  from  30°  to  45°  to  the  axis  of 
the  canal,  the  main  body  of  water  in  the  center  flows  on  down  the 
canal,  but  there  is  a  part  on  each  side  which  is  deflected  toward  the 
banks  and  which  forms  eddies.  These  eddies  are  very  destructive  to 
the  banks,  and  the  form  of  construction  which  has  a  tendency  to  pro- 
duce them  should  be  avoided  if  practicable.  Fig.  20  shows,  in  plan 
and  elevation,  the  end  of  a  flume  with  inclined  aprons.  When  pro- 
tected by  riprap  the  vertical  apron  possesses  certain  advantages  over 


FiQ.  20.— Plan  and  elevation  of  end  of  flume  with  inclined  aprons. 

the  inchned  apron.  At  the  end  of  the  flume  a  trench  is  dug  3  or  more 
feet  below  grade  and  extending  bej'^ond  the  flume  on  each  side  to  a 
distance  of  about  half  the  width  of  the  flume.  An  additional  mudsill 
is  laid  in  the  bottom  of  the  trench,  and  additional  posts  are  placed  at 
the  ends,  with  an  extended  tiebeam  on  top.  Planks  are  then  spiked 
to  these  timbers  and  the  earth  is  carefully  tamped  around  them.  This 
makes  a  water-tight  bulkhead  around  each  end  of  the  flume.  Since 
the  amount  of  lumber  required  for  this  kind  of  apron  is  small  com- 
pared with  that  required  for  the  inclined  apron,  the  writer  has  fre- 
quently obtained  California  redwood  for  the  purpose.  Pine  lumber, 
if  treated  by  some  of  the  well-known  and  now  much-used  preservative 
processes,  would,  however,  answer  as  well.  To  prevent  erosion  and 
the  formation  of  eddies,  riprap  should  be  placed  on  the  ix>ttom  and 


58  OONVETANOE   OK   WATER   ITOR  IBEIQATIOK.  Iw>-A 

sides,  in  the  manner  shown  in  fig.  21.  If  care  is  used  in  riprapping 
the  sides,  it  is  possible  to  so  gradually  change  the  cross  section  of  the 
water  in  the  flume  to  that  of  the  canal  that  the  flow  will  be  but  slight); 
disturbed. 

There  is  a  modification  of  the  vertical  apron  introduced  by  Mr.  J. 
C.  Ulrich,  civil  engineer,  of  Colorado,'  which  is  deserving  of  mention. 
In  addition  to  the  vertical  apron,  Mr.  Ulrich  builds  at  each  end  a  short 
flume  which  he  places  3  or  more  feet  below  grade  and  fills  the  additional 
space  thus  made  with  well-tamped  earth. 

OABBTINO   CAPACITIES. 

As  a  rule  the  cross  sections  of  flumes  are  too  small.  In  calculating 
the  size  of  a  flume  for  a  canal  it  is  customary  to  take  a  high  coefficient 


Fis.  21.— SectloD  ol  can&l.  BhoirlDS  riprap  placed  on  Uie  boCtom  and  aldea  to  prevent  cnnton. 

of  roughness  for  the  canal  and  a  low  coefficient  of  roughness  for  tbe 
flume,  for  the  reason  that  tbe  flume  is  lined  with  lumber  and  the  canal 
is  composed  of  earth.  The  result  of  such  theorizing  is  to  overtax  the 
upper  ends  of  the  flumes.  In  reality  there  is  little  difference  between 
the  carrying  capacity  of  the  flume  as  ordinarily  built  and  the  carrying 
capacity  of  an  earthen  canal  of  the  same  sectional  area.  All  of  the 
shorter  flumes  have  their  floors  covered  with  sediment,  gravel,  and 
occasionally  with  cobbles,  and  the  friction  in  them,  if  the  lining  be 
rough,  may  be  greater  than  in  the  ordinary  canal. 
When  a  flume  is  built  on  the  same  grade  as  the  portion  of  the  canal 
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adjacent  to  it,  its  width  in  the  clear  should  be  about  equal  to  the  mean 
width  of  the  bottom  and  the  surface  of  the  canal;  that  is  to  say,  if  a 
canal  has  a  bottom  width  of  10  feet  and  a  surface  width  of  16  feet,  the 
proper  width  of  a  flume  for  such  a  canal  would  be  nearly  13  feet  in  the 
clear. 

When  water  is  to  be  conveyed  through  a  flume  crossing  a  ravine 
several  hundred  feet  in  width,  it  is  customary  to  allow  an  extra  fall 
for  the  flume,  in  order  to  reduce  its  size  and  lessen  the  expense.  This 
extra  fall  can  not  be  utilized  to  advantage'if  the  size  of  the  flume  is 
uniform  throughout,  since  the  water  moves  with  ordinary  speed  as  it 
enters  the  upper  end,  and  the  effect  of  a  steep  grade  is  to  increase  the 
velocity  and  diminish  the  depth,  so  that  the  flume  at  the  lower  end 
may  not  run  half  full.  In  order  to  utilize  an  extra  fall  of  this  kind, 
either  the  width  or  the  depth  of  the  flume  should  be  gi*adually  dimin- 
ished from  the  upper  end.  By  making  the  upper  end  as  wide  and  as 
deep  as  the  water  in  the  canal,  the  width,  for  example,  may  be  gradu- 
ally lessened  as  the  velocity  of  the  water  incre^es.  This  would  make 
the  most  economical  flume  as  regards  material,  but  the  cost  of  construc- 
tion would  be  increased,  which  may  account  for  the  fact  that  few  flumes 
have  been  built  in  that  way.  Some  of  these  disadvantages  may  be 
overcome,  however,  by  gradually  enlarging  the  upper  part  of  the 
flume,  and  allowing  a  steeper  grade  for  this  tapering  part.  By  this 
means  the  entire  volume  would  be  admitted  without  damming  back  the 
water,  and  the  extra  grade  would  increase  the  velocity  sufficiently  to 
allow  the  flume  proper  to  convey  the  volume  admitted. 

The  following  experiments  were  made  on  the  carrying  capacities  of 
flumes: 

Expervment  No.  S3. — ^This  test  was  on  a  flume  of  the  Bear  River 
canal  at  the  lower  Malade  River  crossing.  About  200  feet  of  the 
upper  portion  is  of  iron  and  steel,  lined  with  riveted  plates;  the 
lower  portion,  for  a  distance  of  more  than  126  feet,  is  of  wood. 
The  test  was  made  in  the  latter  portion,  and  the  results  are  given  in 
the  table  on  page  60.  The  discharge,  64.34  second-feet,  was  obtained 
by  current-meter  measurement.  There  was  no  sediment  or  gravel  in 
the  bottom,  and  the  planks  which  formed  the  lining  were  planed. 

Expermient  No.  J/S. — ^This  test  was  on  a  small  flume  on  the  Elm 
farm,  near  Corinne,  Utah.  The  lumber  forming  the  bottom  and  sides 
was  planed,  but  some  of  the  oakum  with  which  the  joints  were  calked 
projected  in  places.  The  discharge  was  measured  over  a  trapezoidal 
weir. 

Experi/nierU  No.  8. — ^This  test  was  on  a  large  flume  of  the  Bear 
Kiver  canal,  located  near  the  mouth  of  Bear  River  Canyon.  The 
lining  was  of  planed  lumber,  but  the  floor  of  the  flume  was  almost 
entirely  covered  with  sediment  and  fragments  of  soft  rock.  Three 
current-meter  measurements  were   made   at    the  top,  middle,  and 
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bottom  of  a  150-foot  section,  and  the  results  were  197.40,  197.32,  and 

f  197.78  second-feet,  respectively. 

Easpefrimmt  No.  10. — ^This  test  was  on  a  large  flume  of  the  Bear 
River  canal,  located  about  2  miles  above  that  of  the  flume  of  experi- 
ment No.  8.  In  this  case  the  floor  was  covered  with  sediment,  gravel, 
arid  small  cobbles.     The  results  of  the  current-meter  measurements, 

•  taken  at  the  top,  middle,  and  bottom  of  a  100-foot  section,  were  206.36, 
207.74,  and  206.89  second-feet,  respectively. 

Table,  shomng  values  of  hydraulic  elements  in  experiments  to  determine  carrying  capacities 

of  flumes. 


Experi- 
ment. 

Dis- 
charge. 

See.-feet. 

64.34 

0.97 

197.50 

207.00 

Area  of 

water 

section. 

Mean 
velocity. 

Hydraulic 
mean 
radius. 

Wetted 
perl- 
meter. 

Coeffi- 
cient of 

rough- 
ness (n). 

Slope. 

Coeffi- 
cient c* 

No.  23.- 
No.  45.. 
No.    8.- 
No.  10.. 

8q,/eet. 

11.78 

1.49 

66.60 

84.05 

f>^per 
second. 

5.46 

0.65 

2.97 

2.46 

0.87 
0.33 
2.86 
2.94 

Lineal 
feet. 
13.62 
4.51 
23.32 
28.60 

0. 0142 
0. 0184 
0.0201 
0.0217 

Feetper 
fooT 

0.0032 

0.00038 

0.0004 

0.00031 

103.37 
57.64 
8*];  72 
81.85 

•In  Cheay's  formula. 


SEMICIRCULAR  FLUMES. 


This  form  of  flume,  which  resembles  the  modern  stave  pipe  more 
than  the  rectangular  flume,  was  invented  by  Guy  Sterling,  civil  engi- 
neer, nearly  nine  years  ago.  His  claims  for  a  patent  were  filed  in  the 
summer  of  1892,  and  in  August,  1893,  a  patent  was  issued.  The  first 
flume  of  this  type  was  built  by  William  Ham.  Hall,  chief  engineer  of 
the  Santa  Ana  canal,  near  Bedlands,  California,  from  a  small  model 
and  a  rough  sketch  prepared  by  Mr.  Sterling.  Inasmuch  as  the  Santa 
Ana  flume  differs  in  many  particulars  from  those  built  under  the  Ster- 
ling patent  in  Utah,  it  is  reasonable  to  conclude  that  Mr.  Hall  modified 
Mr.  Sterling's  design.  In  this  flume  the  8-foot  staves  are  milled  from 
2-inch  by  6-inch  joists,  in  a  manner  exactly  similar  to  the  staves  for 
wooden  pipes,  and  are  supported  at  the  ends  by  T  irons  curved  to 
coincide  with  the  exterior  of  the  flume.  These  T  irons  rest  on  wooden 
sills  which  are  concave  in  the  center  and  are  supported  by  either  blocks 
of  concrete  or  by  redwood  mudsills.  Each  section  of  the  flume  is  also 
bound  by  two  five-eighths-inch  round  steel  rods,  fastened  by  means  of 
nuts  to  two  horizontal  tiebeams  which  rest  on  the  top  edges  of  the 
flume.  At  their  ends  the  staves  are  tightened  by  means  of  wedges 
driven  between  the  tiebeams  and  iron  straps,  and  throughout  the  middle 
portion  they  are  tightened  by  cinching  the  nuts  onto  the  two  iron  rods.* 

^See  Trans.  Am.  Soc.  Clv.  Engrs.,  Vol.  XXXm,  p.  100. 
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At  least  four  lines  of  this  type  of  flume  are  now  in  successful  opera 
tion.     Their  lengths,  areas,  and  locations  are  as  follows: 

iMi  of  SUrlivig  patent  semicircular  flumes  in  operation. 


liocatioxi. 


Santa  Ana  canal,  Redlands,  Galifoniia 

Moont  Nebo  Irrigation  Co.,  Goshen,  Utah 

Utah  mining  camp 

Tellnride  Power  TranfimiBsion  Co.,  Provo,  Utah 


Len^h. 


Lineal  Jt. 

11,394 

5,800 

500 

8,400 


Sectional 
area. 


Squarejl. 

15.50 

14.14 

8.00 

28.00 


With  the  exception  of  the  Santa  Ana,  all  of  the  flumes  named  have 
been  built  in  accordance  with  one  general  plan,  differing  only  in  size 
and  relative  proportions.  The  Mount  Nebo  Irrigation  Company's 
flume  is  a  true  semicircle  of  6  feet  inside  diameter;  the  mining  camp 
flume  resembles  a  parabola,  its  depth  being  about  4  feet  and  its  great- 
est width  about  3  feet;  and  the  Telluride  Power  Transmission  (Com- 
pany's flume  is  shown  in  fig.  22.  The  staves  are  connected  at  their 
ends  by  metallic  tongues  inserted  in  saw  kerfs,  and  are  broken-jointed 
in  that  every  two  adjacent  staves  overlap  at  least  2  feet.  The  form 
of  the  staves,  the  end  joints,  and  the  manner  of  breaking  joints  are 
thus  similar  to  those  of  stave  pipe.  The  semicircular  flume  rests  on 
wooden  chairs  placed  10  to  12  feet  between  centers.  Each  chair  con- 
sists of  a  bolster,  two  vertical  pieces  curved  by  band  sawing  to  suit 
the  exterior  of  the  flume,  and  a  straight  tiebeam.  The  chairs  for  the 
large  flume  of  the  Telluride  Power  Transmission  Company  in  Provo 
Canyon  are  placed  12  feet  apart,  and  the  half -inch  steel  bands  which 
hold  the  staves  together  are  spaced  2  feet  8  inches  between  centers. 

The  Sterling  semicircular  flume  possesses  certain  advantages  over 
the  common  rectangular  flume.  In  canyons  where  the  line  of  the 
flume  is  made  up  for  the  most  part  of  curves,  it  is  comparatively  easy 
to  adjust  the  Sterling  flume  to  ordinary  curvatures.  In  case  of  shrink- 
age the  flume  may  readily  be  made  water-tight  by  screwing  up  the 
nuts  at  the  ends  of  each  threaded  band.  It  also  possesses  the  advan- 
tage of  not  being  in  contact  with  the  soil,  so  that  air  is  allowed  to  cir- 
culate freely  around  all  portions,  with  the  exception  of  the  small 
mudsills,  which  may  be  replaced  at  trifling  cost.  No  nails  or  spikes  are 
driven  through  the  lining  of  the  flume,  and  by  making  a  girder  of  each 
12-foot  length  fewer  supports  and  less  lumber  are  required. 

The  Provo  Canyon  line,  shown  in  Pis.  X  and  XI,  has  been  success- 
Wly  operated  for  nearly  three  years,  and  the  only  breaks  that  have 
occurred  have  been  caused  by  bowlders  becoming  detached  from  the 
canyon  sides  and  striking  the  exposed  flume.      The  bottom  staves 
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Sagged  ill  places  to  such  an  extent  that  additional  supports  had  to  be 
iii8erted  midway  between  the  chairs.  This  is  the  most  serious  struc- 
tural weakness  which  has  developed  in  this  flume,  and  the  remedj  is 
evidently  a  shorter  span  between  the  chairs. 

In  order  to  determine  the  carrying  capacities  of  semicircular  flumes, 
two  current-meter  measurements  were  made  in  1898  by  the  late  W.  B. 
Dougall,  civil  engineer,  who  was  then  assisting  the  writer.  One  of 
these  measurements  was  made  near  the  intake,  iu  what  is  known  as  the 


Fia.  22. — Fltune  of  TeUuride  Power  Tnjumlseloii  Companr  In  Prova  Ciuiyon,  Utah. 

old  flume,  and  the  other  was  made  at  a  point  about  a  mile  below,  in 
what  is  known  as  the  new  flume.  At  the  time  these  experiments  wen> 
made  the  flume  was  not  carrying  ita  maximum  quantity  of  water,  for 
some  repairs  were  being  made.  There  was  also  "considerable  leakage 
between  the  two  places  of  measurement,  which  may  account  for  tbe 
greater  part  of  the  difference  in  diseharge.  The  following  are  the 
results  of  Mr.  Dougalt's  experiments: 


BTAVE   PIPE. 


TbbU  ihowing  rew^  ofUtlt  made  trg  W.  B.  Dou^atl  to  determine  the  carrying  capacUieg  of 
eemirircular  Jtumeg. 


TBlOCltJ-. 

Wetted 
perl- 

rough- 

- 

Coeffid. 

n'.ta  '    1S.4B 

6.S7 

1.46 
1.48 

1 

S:SJi 

0.001 

IS:a 

8TAVK  PIPE. 

The  use  of  wood  to  convey  water  for  domestic  purposes  was  C' 
a  hondred  years  ^^.  Many  of  the  present  extensive  and  costly 
waterworks  systems  of  the  New  England  cities  bad 
their  origin  in  one  or  more  lines  of  bored  logs. 
Owing,  however,  to  their  small  capacity  and  the 
imperfect  manner  of  joining  the  lengths,  their  use  in 
the  United  States  has  been  wholly  superseded  by  some 
form  of  metal  pipe.  One  frequently  ■  reads  of  these 
old  bored  loga  beiug  dug  up  to  give  place  to  modern 
improvement,  and  the  excellent  state  of  preserva- 
tion in  which  they  are  found,  after  being  buried  a 
lifetime,  speaks  well  for  the  lasting  qualities  of  wood 
under  favorable  conditions. 

In  some  parts  of  Canada  bored  logs  are  still  exten- 
sively used  for  water  pipes,  on  account  of  the  cheap- 
ness of  suitable  lumber.  Tamarack  wood  is  preferred, 
both  on  account  of  its  durability  when  in  contact  with 
the  soil  and  the  suitable  form  of  the  trees,  which 
are  frequently  not  larger  than  a  stovepipe  at  the  butt 
end  and  maintain  a  nearly  uniform  size  throughout 
two-thirds  of  their  entire  length.  When  tamarack 
is  not  available,  Canada  balsam  makes  a  good  substi- 
tute. In  many  sections  this  can  be  had  for  the 
catting.  It  is  so  soft  that  a  man  can  bore  with  ease 
a  2-iDch  hole  through  a  section  length,  and  when 
kept  moist  it  lasts  well.  The  trees  are  cut  in  lengths 
of  from  9  to  12  feet,  and  each  length  is  placed  on 
a  platform,  where  it  is  bored  by  a  long  auger 
revolving  in  guides  and  operated  by  hand.  The  sec- 
tions are  joined  by  reaming  a  long,  tapering  socket  f,q,  23.— water  pipe 
in  the  lar^r  end  of  each  length  and  by  shaving  or  "'  iwred !(«... 
turning  the  smaller  end  into  a  spigot.  Foi-merly  a  band  of  wrought 
iron  encircled  the  socket  end  to  prevent  the  shell  from  splitting  when 
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the  spigot  was  being  driven  into  it;  but  in  more  recent  practice  the 
iron  band  is  driven  into  the  end,  as  abowD  in  fig.  23. 

Illustrations  of  the  next  stage  of  the  development  of  wooden  pipe 
are  to  be  seen  in  the  penstocks  of  many  of  the  old  gristmills  and  saw- 
mills of  New  England  and  eastern  Canada.  Originally  these  pipes,  or 
penstocks,  were  built  in  sections  of  narrow  pine  or  balsam  planks,  the 
edges  being  planed,  by  hand,  to  the  required  bevel.  These  staves  were 
encircled  by  flat  bands,  to  which  were  welded  short  pieces  of  round 
iron  threaded  and  secured  by  nuts  to  cast-iron  saddles.  The  weak 
feature  of  this  construction  was  in  the  joints  between  the  sections. 
By  using  a  tapering  stave  the  ends  of  each  section  were  made  to  differ 
in  size,  and  by  shaving  down  the  smaller  end  it  was  made  to  telescope 
the  larger.  The  lap,  however,  was  only  a  few  inches  at  most,  so  that 
the  joints  usually  leaked,  or  the  sections  slipped  apart  altogether.  In 
some  cases  this  defect  was  remedied  by  building  the  pipe  in  (he  trench 


Fio.  24.— Section  of  atave  pipe  used  In  wooden  ooDdullotToTOii 


and  avoiding  distinct  joints  at  regular  distances,  the  ends  of  the  staves 
being  united  by  an  iron  dowel  and  the  joints  broken  by  a  lap  of  3 
or  more  feet.'  The  6-foot  wooden  conduit  laid  in  1881  and  1882  as 
part  of  the  intake  of  the  Toronto  waterworks  may  be  cited  as  a  sample 
of  this  type  of  stave  pipe.  The  staves  were  made  of  white  oak  6  inches 
wide  and  5  inches  thick,  beveled  on  the  edges  and  curved  on  the  outer 
surface  to  conform  to  an  arc  having  a  radius  of  3  feet  5  inches,  as 
shown  in  fig.  24.  The  metallic  tongue  between  abutting  stave  ends 
was  one-eighth  inch  thick,  6  inches  long,  and  the  full  width  of  the 
center  of  the  stave.  The  hoops  were  of  wrought  iron,  three-fourths 
inch  thick  by  3  inches  wide,  welded  together,  washtub  fashion,  and 
8pa(K!d  2  feet  lietween  centers. 

It  is  a  modified  form  of  this  kind  of  stave  pipe  that  has  been  so 
extensively  used  in  the  Western  States  during  the  last  twelve  years.' 
The  first  line  of  this  kind  was  built  under  the  supervision  of   Mr. 
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Charles  P.  Allen,  chief  engineer  of  the  Denver  Union  Water  Ckjmpany, 
of  Denver,  Colorado,  and  extended  from  the  West  Denver  reservoir 
to  the  underground  galleries  on  South  Platt«  River,  3^  miles  dinbint. 

The  results  of  Mr.  Allen's  experiments  were  finally  embodied  in  a 
patent  issued  March  2:2,  1887.  This  patent  embraced  stave  pipe  as  a 
whole  as  well  as  each  of  its  main  features,  viz,  the  round  iron  or  steel 
bands,  the  cast-iron  shoes  or  saddles,  and  the  metallic  tongues.  Many 
modifications  and  some  improvements,  now  covered  by  other  patents, 
have  since  been  made,  and  in  order  that  the  reader  may  obtain  some 
idea  of  the  modern  forms  of  this  pipe,  a  brief  description  of  each  will 
be  given. 

Fig.  35  illustrates  the  mode  of  connecting  the  butt  joints  of  the 


Fio.  2fi.— DelailB  of  AUen  ITpc  of  gtave  pipe.  a.  eeccion  of  wooden  pipe,  showing  ponltlon  nf  meel 
bands  and  IroD  saddle;  b,  ulevaUoa  of  pipe,  showing  melbod  o(  bresklag  joints  and  position  of  ctfcl 
bttDda;  f.  ends  oi  Btavea,  showing  meULlllc  tongue;  d,  enditof  sleel  band  and  in  a  II  table-Iron  sadille; 
«,  plan  ol  saddle^ /,  wrencb  or  bilstock  for  ecrcwlng  up  nuUOD  Bleel  bandi;  g,  (luuldelonn  used  In 
building  pipe,  consisting  of  a  bentgas  pipe  on  a  block  of  nood  in  Ibe  trench;  A  and  i,  inside  form 
used  la  buUdlngpipe,  coDBlningotacoll  of  t  Inch  gas  pipe. 

staves,  the  forms  of  the  steel  bands  and  the  malleable  iron  saddles, 
and  a  portion  of  a  completed  pipe  of  the  Allen  type.  The  staves  are 
dressed  from  joista  varying  in  size  from  2  inches  by  4  inches  to  3 
inches  by  10  inches,  depending  on  the  diameter  of  the  pipe  to  he  built, 
and  their  ends  are  slotted  to  admit  the  metallic  tongue.  The  malle- 
able-iron saddle  is  so  designed  that  it  holds  in  position  the  T  end  of 
the  band,  and  allows  the  insertioD  of  the  threaded  end,  which  is  secured 
by  means  of  a  nut. 

Fig.  26  shows  the  construction  of  the  Dwelle  type  of  stave  pipe. 
It  differs  from  the  Allen  type  in  several  important  particulars:  The 
lEB  43 5 
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ends  of  the  staves  are  connected  by  means  of  a  tongue  and  groove; 
the  band  is  threaded  at  each  end  and  is  secured  to  the  casting  by  two 
corresponding  nuts  which  abut  against  shoulders;  the  edges  of  the 
staves,  instead  of  being  radial,  are  dressed  to  a  kind  of  ogee  curve. 

Fig.  27  shows  the  construction  of  the  stave  pipe  recently  built  by 
the  Pioneer  Electric  Power  Company,  of  Ogden,  Utah.  The  shape  of 
the  staves  and  the  metallic  tongues  used  to  connect  their  ends  are 
similar  to  those  of  Allen's  patent,  but  the  steel  bands  and  saddles  are 
widely  different;  they  were  designed  by  the  late  J.  C.  O'Melveny, 
civil  engineer,  of  Salt  Lake,  Utah.  The  band  is  in  two  parts.  One 
part  encircles  the  upper  circumference  of  the  pipe  and  is  attached  to 
two  steel  saddles  by  means  of  two  loop  eyes;  the  other  part  encircles 
the  lower  circumference  of  the  pipe  and  is  attached  to  the  same  sad- 


FiG.  28.— Details  of  Dwelle  type  of  stave  pipe,  a,  portion  of  section  of  pipe,  showing  ends  of  bands: 
6,  plan  of  pipe ;  c,  end  of  stave,  showing  tongue;  d,  portion  of  section,  showing  edges  of  stave  dieared 
to  ogee  curve. 

dies  by  means  of  nuts  screwed  to  each  threaded  and  upset  end  of  this 
part  of  the  band.  The  saddles  are  U  shaped,  being  curved  to  suit 
the  outer  arc  of  the  staves,  and  pressed,  when  hot,  out  of  three-six- 
tenth-inch  steel  plates. 

There  are  various  other  modifications  of  staves,  bands,  and  saddles, 
but  their  use  has  been  confined  to  short  lengths  of  pipes  and  to  few 
localities. 

LUMBER  FOR  STAVES. 


Colorado  pine  {JPmiis  jxmderom)  was  used  on  the  first  pipe  lines  built 
in  the  West.  Its  tendency  to  warp,  the  large  number  of  knots  which 
it  contains,  and  its  short  life  when  exposed  to  unfavoraUe  conditions, 
render  it  an  unsuitable  wood  in  every  respect  save  that  of  first  cost. 
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Long-leaf  yellow  Texas  pine  (Pinvs  palustris)  was  next  tried  and  was 
found  to  possess  many  advantages  over  the  native  pine.  There  were 
few  knots,  the  staves  were  longer,  and  there  was  less  warping  on 
exposure  to  the  action  of  the  sun  and  atmpsphere.  The  resin-fiUed 
ducts  in  the  quarter-sawed  lumber  were  among  the  worst  defects,  since 
the  fluctuating  water  pressure  within  the  pipe  washed  out  the  resinous 
substance  and  allowed  the  water  within  to  ooze  through  the  thin  shell. 


Fm.  27. — Details  of  stave  pipe  built  by  Pioneer  Electric  Company,  of  Ogden,  Utah,    a,  details  of  steel 

bands;  b,  plan  and  elevation  of  saddle. 


California  redwood  {Sequoia  aerrvpervirena)^  on  account  of  its  great 
durability,  its  freedom  from  knots,  and  its  fine,  close  texture,  has  been 
extensively  used  for  this  purpose  on  the  Pacific  coast  and  as  far  east 
as  Utah,  Montana,  and  Colorado.  More  than  twenty  carloads  of  fin- 
ished redwood  staves  were  used  by  the  writer  in  the  spring  of  1890  to 
build  a  2-foot  stave  conduit  for  the  Ogden  waterworks,  and  two  years 
later  the  same  kind  of  wood  was  used  on  the  18-inch  conduit  of  the 
Logan  waterworks.  Both  of  these  lines  have  given  excellent  satisfac- 
tion and  bid  fair  to  last  thirty  years  or  longer. 

Douglas  spruce  {Piseudotsuga  douglcmi)^  commonly  called  Oregon 
fir,  or  Oregon  pine,  was  used  to  the  extent  of  1,600,000  feet  B.  M.  on 
the  27,000  lineal  feet  of  6-foot  conduit  of  the  Pioneer  Electric  Power 
Company,  of  Ogden,  Utah.     In  appearance  this  lumber  was  perhaps 
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the  finest  ever  used  in  construction  work  on  this  continent.  It  was 
strong  and  smooth,  and  entirely  free  from  knots  and  other  defects 
common  to  most  timbers.  The  only  question  yet  to  be  settled  in 
regard  to  the  use  of  Douglas  spruce  for  staves  is:  Will  it  last  \ongi 
We  know  that  the  life  of  a  redwood  railroad  tie,  if  protected  by  thin 
metal  plates  from  the  crushing  effect  of  the  rail,  is  more  than  twice  as 
long  as  that  of  either  a  pine  or  a  spruce  tie.  The  greater  part  of  the 
conduit  just  mentioned  is  considerably  below  the  level  to  which  the 
water  would  rise  if  a  hole  were  bored  in  the  pipe,  and  the  lumber  in 
all  such  portions  will  be  continuously  soaked.  Such  being  the  case,  the 
lumber  used  was  perhaps  the  most  economical.  If,  however,  a  pipe  or 
conduit  has  to  be  located  on  grade,  or  in  a  position  where  the  pipe  will 
be  only  partially  filled  with  water,  there  can  be  no  question  that  red- 
wood, although  its  first  cost  may  be  greater,  will  prove  the  cheapest 
wood  in  the  end. 

STEEL   FOR  BANDS. 

In  specifying  the  quality  of  steel  for  the  bands,  the  strength  of  the 
metal  has  been  considerably  reduced  in  order  to  increase  its  toughness 
and  ductility.  Mr.  Allen  was  the  first  to  use  a  mild  steel  made  by  the 
open-hearth  process,  very  similar  in  quality  to  that  used  for  steam  boil- 
ers. The  average  tensile  strength  of  the  specimens  tested  was  about 
61,000  pounds  per  square  inch,  the  elastic  limit  40,000  pounds,  the 
elongation  in  8  inches  more  than  25  per  cent,  and  the  reduction  area 
more  than  50  per  cent.  This  kind  of  steel  will  not  only  bend  flat  upon 
itself  through  180  degrees  when  cold,  but  after  being  so  bent  it  may 
be  hammered  to  half  its  diameter  without  sign  of  fracture. 

In  the  first  lines  built  in  the  West  the  rods  were  not  upset  at  their 
threaded  ends.  This  omission  was  probably  due  to  the  extra  cost  of 
upsetting  small  rods.  This  work  can  now  be  done,  however,  for  a 
mere  trifle,  and  any  one  can  readily  see  that  in  pipes  of  large  diam- 
eters, requiring  long  bands,  the  saving  in  upsetting  the  threaded  ends 
is  considerable. 

I 

CONSTRUCTION. 

The  bottom  width  of  the  trench  is  made  from  1  to  2  feet  wider  than 
the  diameter  of  the  pipe,  in  order  to  give  space  for  workmen  to  stand 
on  either  side  of  the  pipe  when  it  is  being  put  together,  and  the  side 
slopes  of  the  trench  are  as  steep  as  the  nature  of  the  material  will 
permit. 

Ordinarily  inch  gas  pipes  bent  in  the  form  of  a  U,  the  lower  portion 
conforming  to  the  outer  circumference  of  the  pipe,  answer  very  well 
for  outside  forms  in  which  to  hold  the  staves  in  place  until  the  lower 
half  is  put  together.  To  prevent  the  staves  from  falling  while  the 
upper  half  is  being  built,  the  same  kind  of  iron  pipe  is  used  in  the 
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form  of  a  coil,  the  outer  diameter  of  which  is  nearly  equal  to  that  of 
the  inside  diameter  of  the  pipe.  The  bottom  staves  are  kept  slightly 
in  advance  of  the  top  staves,  in  order  to  facilitate  building  and  to  make 
a  stronger  joint.  The  lengths  are  joined  by  lapping  the  staves  a  dis- 
tance of  from  20  to  30  inches.  An  oak  driving  bar  banded  with  Nor- 
way iron  and  struck  with  a  12-pound  sledge  hammer  is  the  only  device 
used  to  drive  the  staves  and  make  tight  all  end  joints.  The  metallic 
tongues  are  inserted  in  the  slots  made  in  the  ends  of  the  staves  after 
each  section  or  length  has  been  driven,  when  all  is  in  readiness  for 
the  building  of  the  next  section. 

The  steel  rods  for  the  bands  are  bent  by  hand  after  being  shaped  on 
turning  tables,  and  are  afterwards  either  dipped  in  hot  asphalt  or 
painted.  Specially  designed  braces  are  used  to  screw  the  nuts  on  the 
bands,  and  a  leather-faced  wooden  mallet  handled  by  a  man  inside  of 
the  pipe  has  been  found  to  be  the  best  tool  to  adjust  the  staves  to  the 
proper  alignment  and  true  circle. 

The  strength  of  the  pipe  depends  on  the  number  and  size  of  the 
steel  bands.  If  there  is  little  pressure  within  the  pipe,  the  bands  are 
spaced  far  apart,  but  seldom  more  than  14  inches.  As  the  pressure 
within  increases — i.  e.,  as  the  pipe  dips — the  bands  are  placed  nearer 
together,  so  that  a  pipe  under  a  head  of  100  feet  may  be  as  strong  as 
a  pipe  under  a  head  of  5  feet. 

LOCATION   OF  PIPE  LINE. 

It  is  very  bad  pi-actice  to  locate  a  wooden  pipe  line  on  a  grade,  for 
the  reason  that  when  So  placed  the  pipe  is  seldom  full  of  water,  and 
Hioist  air  and  gases  collect  in  the  upper  portion,  which,  with  the  earth 
without,  soon  cause  the  wood  to  rot.  An  ideal  location  is  over  gently 
undulating  ground  where  each  low,  flat  valley  ends  in  a  narrow  ridge. 
Seen  from  the  side,  a  pipe  so  placed  would  remind  one  of  a  big  cable 
.supported  at  regular  intervals  and  sagging  between  every  two  sup- 
ports. Hence,  in  laying  out  a  line  for  wooden  pipe,  no  matter  how 
rough  or  uneven  the  country  traversed  may  be,  an  attempt  should  be 
made  to  rise  to  grade  only  at  intervals  which  might  vary  from  a  quar- 
ter to  a  half  mile,  while  the  line  between  the  rising  points  might  be  5  or 
more  feet  below  grade.  The  main  object  of  such  a  location  is  to  keep 
the  pipe  not  only  full  of  water  but  under  some  internal  pressure.  Other 
conditions  being  favorable,  and  the  shell  being  kept  continuously  moist, 
wooden  pipe  should  last  a  lifetime. 

DURABILITY. 

Stave  pipe  built  of  native  pine  lumber,  placed  in  a  dry  soil,  and 
kept  only  partially  full  of  water,  may  rot  along  the  top  staves  to 
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such  an  extent  that  in  five  years  those  staves  will  have  to  be  renewed. 
The  same  kind  of  pipe,  however,  if  kept  continuously  full  of  water 
and  under  pressure  and  buried  2  or  3  feet  beneath  the  surface,  may  be 
in  good  condition  twenty  years  after  being  laid. 

Ten  years  ago  the  city  of  Cheyenne,  Wyoming,  laid  about  9,000 
lineal  feet  of  stave  pipe  from  wells  in  Crow  Creek  to  a  standpipe 
near  the  reservoir.  The  low  standpipe  kept  the  lower  portion  of  the 
pipe  line  under  pressure,  but  the  upper  portion  was  seldom  full  of 
water,  often  only  half  full,  and  rotted  so  rapidly  that  in  about  eight 
years  2,000  feet  of  it  was  replaced  by  sewer  pipe,  and  during  the  ye^r 
1897  an  additional  length  of  2,200  feet  was  replaced  by  sewer  pipe  2J: 
inches  in  diameter.  Through  the  courtesy  of  Walter  D.  Pease,  civil 
engineer,  of  Laramie,  Wyoming,  the  writer  obtained  three  samples  of 
the  old  staves,  which  Mr.  Pease  graded  best,  second  best,  and  third 
best.  The  best  sample  was  in  fairly  good  condition,  having  been  kept 
moist,  the  third-best  sample  was  greatly  decayed,  while  portions  of 
the  top  staves  were  reduced  to  rotten  fragments  and  could  not  be 
photogitiphed. 

The  durability  of  stave  pipe  when  made  of  good  lumber  and  prop- 
erly laid  is  shown  by  the  following  extract  from  a  report  on  the 
Ogden  waterworks  to  the  Ogden  council,  by  N.  W.  Bethel,  city  engi- 
neer,  and  the  writer  as  consulting  engineer: 

In  consideration  of  the  fact  that  this  wooden  stave  pipe  has  been  in  operation  for 
nearly  eight  years,  its  present  condition  is  excellent.  We  have  uncovered  portions 
of  the  pipe  throughout  its  entire  length  in  at  least  forty  different  places,  and  have 
found  without  exception  the  redv^ood  of  which  the  staves  are  composed  to  be  in  a 
sound  condition. 

The  life  of  this  kind  of  pipe  is  prolonged  by  an  earth  covering  of  2 
feet  or  more.  When  laid  near  the  surface,  with  little  or  no  covering 
of  earth,  the  combined  action  of  earth,  air,  and  sunlight  causes  decay. 

USE. 

The  most  expensive  portions  of  irrigation  canals  in  earth  are  the 
ravines.  During  the  last  thirty  years  the  common  practice  in  the 
Rocky  Mountain  region  has  been  either  to  go  around  these  ravinas 
with  a  grade  canal  or  to  erect  across  each  a  flume  on  trestles.  The 
first  method  is  often  impracticable,  and  in  any  event  the  length  of  the 
canal  is  unnecessarily  increased.  The  latter  method  proves  expensive, 
not  because  of  the  first  cost,  but  on  account  of  the  annual  expense  of 
maintenance  and  the  frequent  renewals.  Such  flumes  usually  have 
to  be  calked  every  spring,  while  both  trestles  and  flume  are  exposed  to 
landslides,  fires,  and  windstorms,  or,  escaping  these,  are  inevitably 
subject  to  early  decay.  Stave  pipe,  on  account  of  its  cheapness  and 
the  large  sizes  that  can  be  constructed,  is  rapidly  taking  the  place  of 
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flumes  on  trestles.  One  or  more  lines  of  pipe  are  laid  in  a  trench  dug 
across  the  bottom  of  the  ravine,  and  are  connected  with  the  grade  canal 
at  either  end  by  means  of  shallow  wells  or  rectangular  boxes.  The 
cost  of  an  inverted  pipe  siphon  is  frequently  less,  and  it  may  last  two 
or  three  times  longer  than  a  flume  on  trestles. 

The  old-fashioned  way  of  conveying  water  to  gristmiUs,  sawmills,  or 
manufacturing  plants  was  to  make  use  of  a  short,  open  raceway  from 
the  stream  to  the  mill  and  utilize  the  low  head  thus  created.  Wooden 
pipe,  on  account  of  its  general  adaptability,  is  now  being  extensively 
used  for  this  purpose.  It  permits  the  conveyance  of  an  equal  amount 
of  water  a  much  longer  distance,  increasing  the  fall  and  consequently 
the  power  produced. 

This  kind  of  pipe  is  also  frequently  used  to  convey  water  to  domestic 
distributing  reservoirs,  from  which  the  water  is  conducted  through 
iron  pressure  pipes  laid  in  the  streets  of  the  city. 

C50ST. 

On  account  of  the  fluctuation  in  the  prices  of  lumber  and  steel,  as 
well  as  the  variation  in  freight  rates  and  many  other  causes,  it  is 
impossible  to  state  the  cost  of  stave  pipe.  In  the  Rocky  Mountain 
States  the  price  of  redwood  joists  dressed  into  staves  is  about  $40  per 
1,000  feet  B.  M.  A  pipe  20  inches  in  diameter  requires  about  13  feet 
of  lumber  to  each  lineal  foot  of  pipe;  a  24-inch  pipe  requires  16  feet  of 
lumber,  a  30-inch  pipe  requires  18  feet,  a  36-inch  pipe  requires  22  feet, 
and  so  on  in  about  that  ratio.  The  cost  of  the  iron  and  steel  per  lineal 
foot  of  pipe  depends  on  the  pressure  of  water  within  the  pipe.  When  a 
stave  pipe  is  laid  near  grade  the  bands  may  be  spaced  12  or  more  inches 
apsLTt.  If,  on  the  other  hand,  it  is  laid  across  the  bottom  of  a  ravine 
100  feet  below  grade,  the  bands  should  be  about  3  inches  apart. 

The  figures  given  below  may  convey  some  idea  of  the  present  com- 
parative cost  of  stave  pipe,  cast-iron  pipe,  and  riveted-steel  pipe  in  the 
city  of  Salt  Lake.  The  following  bids  were  received  March  24,  1900, 
for  furnishing  all  of  the  materials  and  laying  the  City  Creek  pipe  line: 

4,390  lineal  feet  of  30-lnch  stave  pipe,  $2.95  and  $3.10;  or 
4,390  lineal  feet  of  30-inch  cast-iron  pipe,  $10.20  and  $10.85;  or 
4,390  lineal  feet  of  30-inch  riveted-steel  pipe,  $8.65  and  $9.15. 
4,390  lineal  feet  of  24-inch  stave  pipe,  $2.60  and  $2.55; 
5,920  lineal  feet  of  24-inch  cast-iron  pipe,  $7.45  and  $8.15;  and 
5,920  lineal  feet  of  24-inch  riveted-steel  pipe,  $5.75  and  $6.05. 

RIVETED-STEEIi  PIPE. 

Riveted-steel  pipe  is  extensively  used  in  southern  California  to  con- 
vey water  for  orchard  irrigation,  but  its  use  in  the  Rocky  Mountain 
States  has  been  confined  to  power  plants  and  domestic  water  supplies. 
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It  is  well  adapted  to  high  heads,  and  irrigators  who  desire  to  conduct 
water  across  deep  gulches  would  do  well  to  write  to  the  makers  of  this 
kind  of  pipe  for  prices.  The  principal  manufacturers  of  riveted-steel 
pipe  on  the  Pacific  coast  are  the  Union  Iron  Works  and  Francis  Smith 
&  Company,  of  San  Francisco,  and  the  Lacy  Manufacturing  (Company 
and  J.  D.  Hooker,  of  Los  Angeles.  The  writer  has  also  obtained  prices 
at  various  times  from  the  CaiToU-Porter  Boiler  and  Tank  Company,  of 
Pittsburg,  Pennsylvania. 

Riveted-steel  pipe  ranges  in  size  from  3  inches  to  72  inches  internal 
diameter.  The  smaller  sizes  are  made  into  lengths  of  25  feet  or  more 
at  the  shops  and  are  thoroughly  coated  with  asphaltum.  The  larger 
sizes  are  usually  made  in  temporary  shops  erected  near  the  site  where 
the  pipe  is  to  be  laid. 

The  following  extracts  from  general  specifications  furnished  by  the 
secretary  of  the  Carroll- Porter  Boiler  and  Tank  Company  will  give 
the  reader  some  idea  of  the  manner  of  making  this  kind  of  pipe: 

Requirements  for  gteel  plates. — The  steel  shall  be  of  the  class  termed  "soft"  andahall 
be  made  by  the  bajsic  or  acid  open  hearth  process.  If  by  the  basic  open  hearth  pro- 
cess it  shall  contain  not  more  than  .04  of  phosphorus  and  .04  of  sulphur.  If  add 
it  shall  contain  not  over  .08  of  phosphorus  and  .05  sulphur. 

The  amount  of  manganese  and  carbon  to  be  in  such  quantities  as  shall  produce  the 
best  results. 

Chemical  analysis  of  each  ''heat"  or  "melt"  shall  be  made  by  the  Engineer  or 
his  representative,  and  properly  certified  copies  of  the  final  analysis  of  the  ooaterial 
shall  be  furnished  to  the  Engineer  as  the  work  progresses. 

Physical  tests  to  determine  the  tensile  strength,  elastic  limit,  elongation,  softness, 
and  ductility  of  the  material  of  each  "  heat "  or  "  melt "  shall  also  be  made  by  expe- 
rienced Inspectors  whose  services  may  be  satisfactory  to  the  Engineer.  For  the 
purpose  of  identification  the  "heats "  or  "melts"  shall  be  numbered  consecutively, 
and  the  corresponding  number  stamped  upon  each  plate  or  sheet  produced  there- 
from.. The  test  specimens  shall  in  all  cases  be  taken  from  the  shearings  of  such 
plates  produced  from  each  "heat"  or  "melt"  as  is  thought  necessary,  and  such  sheets 
or  plates  to  be  selected  at  random  by  said  Inspector  or  Engineer,  and  properly  cer- 
tified copies  of  the  record  of  such  test  shall  be  furnished  the  Engineer  as  the  work 
progresses. 

Tensile  test  specimens  to  be  eight  (8)  inches  long  and  one  and  one  half  (1^)  inches 
wide  between  measuring  points.  Tensile  strength  is  to  be  between  the  limits  of  fifty 
two  thousand  (52,000)  and  sixty  two  thousand  (62,000)  pounds  per  square  inch. 
Elastic  limit  to  be  not  less  than  one  half  the  tensile  strength  required.  For  plates 
three  eighths  (J)  inch  thick  or  more,  the  elongation  to  be  not  less  than  twenty-five 
(25)  per  cent.  For  plates  thinner  than  three  eighths  (i)  inch,  elongation  to  be  not 
lens  than  twenty-two  and  one  half  (22 J)  per  cent. 

Bending  test  specimens  cut  lengthwise  or  crosswise  from  the  sheet  to  be  six  (6) 
inches  long  and  one  (1)  inch  wide,  to  be  bent  one  hundre<i  and  eighty  (180)  degrees 
upon  itself  when  cold,  and  hammered  down  flat  without  sign  of  fracture  on  the  out- 
side of  the  bent  portion. 

The  plates  must  also  admit  of  cold  hammering  or  scarfing  to  a  fine  edge  at  the  laps 
without  cracking,  and  the  test  pieces  must  furthermore  withstand  such  quenching, 
forging,  and  other  tests  as  may  suffice  to  exhibit  fully  the  temper,  soundness  and  fit- 
ness for  use  of  the  material.    The  failure  of  said  test  specimens,  when  taken  at  nm- 
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dom  as  aforesaid  from  the  finished  product  of  any  **heat"  or  "  melt,"  to  conform  to 
the  above  requirements  will  be  sufficient  cause  for  the  rejection  of  the  entire  product 
of  such  "heats"  or  "melts." 

The  plates  shall  be  free  from  lamination  and  surface  defects  and  be  fully  up  to  the 
required  gauge  for  thickness  on  the  edges.  Any  plate  whose  thickness  at  any  point 
may  be  found  less  than  ninety-five  (95)  per  cent  of  the  required  thickness  shall  be 
rejected  without  appeal;  furthermore,  at  least  ninety  (90)  per  cent  of  the  plates  must 
lie  of  the  full  required  thickness  at  all  points.  Said  plates  shall  be  rolled  as  flat  and 
sheared  as  accurately  as  good  mill  practice  will  permit,  but  in  no  case  shall  they  be 
scant  of  the  prescribed  or  intended  dimensions,  and  must  be  in  all  respects  of  a  good 
merchantable  condition.  The  Engineer  shall  have  the  right  at  all  times  to  inspect 
the  manufacture  and  testing  of  any  and  all  plates  and  shall  have,  if  so  required,  one 
fourth  (J)  of  the  number  of  test  pieces  to  be  prepared  as  above,  to  test  or  to  have 
tested  under  his  own  supervision. 

It  is  further  understood  and  agreed  that  any  plate  that  shows  any  defects  during 
the  process  of  punching,  bending,  and  riveting  for  manufacturing  into  pipes  shall  be 
rejected,  notwithstanding  that  the  same  may  previously  have  been  satisfactorily 
tested. 

JlequiremenU  for  steel  rivets. — Rivet  steel  shall  be  soft  and  have  a  tensile  strength 
between  the  limits  of  fifty  thousand  (50,000)  and  fifty  eight  thousand  (58,000)  pounds 
per  square  inch,  with  an  elastic  limit  of  not  less  than  thirty  thousand  (30,000)  pounds 
per  square  inch,  and  with  an  elongation  of  not  less  than  twenty-eight  (28)  per  cent, 
in  a  test  bar  eight  inches  long  between  measuring  points  and  full  diameter  of  rivet, 
and  with  a  reduction  of  cross  sectional  area  at  the  point  of  fracture  of  not  less  than 
fifty  (50)  per  cent.  The  material  shall  also  be  of  such  quality  as  will  stand  bending 
double  and  flat  before  and  after  heating  to  a  light  yellow  heat,  and  quenching  in  cold 
water,  without  sign  of  fracture  on  the  convex  surface  of  the  bend.  All  steel  rivets 
not  conforming  to  the  above  requirements  will  be  rejected. 

Manufacture  of  pipe. — The  sheets  or  plates  must  be  of  such  dimensions  as  to  admit 
of  being  rolled  into  true  cylinders  not  less  than  five  (5)  feet  in  length  and  of  the 
required  internal  diameter  with  ample  allow^ance  for  the  necessary  overlap  at  the 
single  longitudinal  seam  of  each  such  cylinder.  The  pipe  shall  be  made  telescopic 
and  the  plates  when  formed  shall  be  a  cylinder  whose  external  diameter  at  one  end 
shall  be  equal  to  its  internal  diameter  at  the  other  end  and  forming  a  tight  fit  with 
each  other  before  any  protective  coating  is  applied  to  the  material. 

The  edges  of  each  plate  must  be  properly  beveled  for  calking  all  around;  and  at 
the  end  of  each  course,  where  the  lap  of  the  longitudinal  seam  occurs,  the  plate  must 
be  reduced  by  cold  hammering  or  planing,  or  both,  to  a  fine  edge,  through  which 
one  of  the  rivets  of  the  round  seam  must  be  driven  to  insure  tightness.  In  addition 
to  this  rivet,  still  another  rivet  must  be  driven  through  the  three  thicknesses  of  plate 
at  such  joints.  Each  plate  must  be  rolled  to  a  perfect  cylinder  of  the  required 
diameter. 

All  rivet  holes  must  be  spaced  with  precision.  In  punching  said  holes  the  best  and 
sharpest  dies  and  punches  are  to  be  used.  The  holes  must  all  coincide  to  within  one 
thirty-second  (^V)  of  an  inch;  otherwise  they  are  to  be  enlarged  by  a  sharp  reamer 
or  drill.  No  drift  pins  shall  be  used  in  forcing  rivet  holes  to  coincide  at  any  seam  or 
lap;  and  all  plates  in  which  the  said  holes  cannot  be  made  to  receive  a  rivet  of  the 
specified  diameter,  with  such  slight  drifting  or  reaming  as  will  not,  in  the  opinion  of 
the  Inspector,  reduce  the  strength  of  the  plates,  will  be  rejected. 

All  riveting  in  the  shop  must  be  done  with  hot  steel  rivets  and  by  steam,  com- 
pressed air,  or  hydraulic  machinery  exerting  a  slow  pressure  and  retaining  it  suffi- 
ciently to  perfectly  form  the  rivet  heads  before  the  metal  loses  its  red  color.  All 
rivets  when  driven  must  fit  the  holes  completely.  Care  must  in  all  cases  be  taken 
to  have  the  rivets  of  the  right  heat  to  produce  the  best  and  most  solid  work,  and  any 
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rivet  that  may  at  any  time  or  place  be  found  defective  or  appear  to  have  been  over- 
heated, shall  be  cut  out  and  replaced  at  the  Contractor's  expense  by  one  which  is 
sound  in  all  respects.  All  rivet  heads  must  be  perfect  in  form  and  truly  concentric 
with  the  shank  or  shaft. 

All  circular  seams  may  be  single  riveted  but  all  longitudinal  seams  on  the  straight 
pipe  shall  be  double  riveted.    The  proportions  to  be  used  in  laying  out  and  making 
the  riveted  joints  or  seams  shall  in  general  be  as  follows,  all  figures  being  in  incb^. 
»  #    .  »  «  »  ♦  ♦ 

The  dimensions  given  in  the  foregoing  table  are  to  be  regarded  a^  approximate,  and 
subject  to  modification  before  the  material  for  the  pipe  is  definitely  ordered  by  the 
Contractor;  and  any  modification  proposed  by  said  Contractor  shall  be  subject  in 
detail  to  the  approval  of  the  Engineer  before  being  carried  into  effect. 

The  pipe  is  to  be  manufactured  in  lengths  of  four  or  more  courses  each,  and  so  laid 
that  all  longitudinal  seams  will  at  all  times  be  on  top  and  within  a  foot  of  the  center 
line  of  the  pipe. 

Where  angles  or  curves  occur  in  either  the  alignment  or  the  grade  of  the  conduit, 
the  plates  must  be  cut  and  punched  to  the  required  lines  for  forming  a  small  oblique 
angle  at  the  round  seams  of  as  many  courses  as  may  be  needed  to  produce  the  given 
total  deflection  or  curvature  in  each  locality,  and  the  courses  must  be  put  together 
with  the  straight  seams  alternating  as  aforesaid.  Where  greater  angles  and  special 
pieces  are  necessary  they  shall  be  made  as  ordered  by  the  Engineer. 

All  rivet  seams  and  joints  of  every  description  shall  be  thoroughly  calked  both  on 
the  inside  and  outside  in  the  best  and  most  workmanlike  manner  for  first  class  boiler 
work,  while  for  the  necessary  distance  from  all  laps  the  seams  shall  be  both  chipped 
and  calked. 

Testing. — During  its  manufacture,  sample  lengths  of  pipe  to  be  selected  by  the 
Inspector  as  frequently  as  he  may  deem  necessary,  shall  be  tested  after  coating,  under 
a  water  pressure  equal  to  one  and  one  half  (!})  times  the  maximum  hydrostatic 
head  for  which  it  is  designed,  and  shall  be  tight  under  that  pressure.  All  such  teets 
will  be  made  at  the  Contractor's  expense,  and  he  shall  furnish  all  the  neoeflsary 
appliances  and  labor  for  their  performance  to  the  Inspector's  satisfaction. 

Coating. — When  the  pipes  are  finished,  they  are  to  be  thoroughly  coated  by  dip- 
ping in  a  bath  of  refined  asphaltum,  as  follows:  Each  length  of  pipe  must  be 
thoroughly  clean  inside  and  outside,  free  from  dust,  earth  or  sand,  and  without 
rust  upon  any  part  of  it.  Any  rust  that  may  have  formed  must  be  removed  by 
brushing  and  scrubbing  with  a  wire  brush  and  diluted  acid,  followed  by  moppini^ 
or  brushing  with  milk  of  lime,  or  a  saturated  solution  of  soda,  to  remove  the  acid, 
until  all  the  rust  and  acid  shall  have  been  removed.  All  alkali  used  shall  l>e 
washed  off  and  the  surface  dried. 

The  pipes  are  then  to  be  heated,  after  which  they  are  to  be  dipped  in  the  bath  of 
coating  material.  The  coating  shall  consist  of  the  best  quality  of  California  or 
Trinidad  refined  asphalt,  such  as  is  used  for  pipe  coating  purposes.  The  coatin^^ 
must  be  durable,  smooth,  glossy,  hard,  tough,  perfectly  water-proof,  not  affected  by 
any  salts  or  acids  found  in  the  soil,  strongly  adhesive  to  the  metal  under  all  circuna- 
stances,  and  with  no  tendency  to  become  soft  enough  to  flow  when  exposed  to  tlie 
sun  in  summer,  or  to  become  so  brittle  as  to  scale  off  in  winter. 

After  having  been  prepared  as  aforesaid,  the  coating  composition  shall  be  place<l 
in  a  vertical  tank  and  carefully  heated  to  a  temperature  of  about  three  hundre<l 
(300)  degrees  F.,  or  such  other  temperature  as  may  hereafter  be  found  beet  adapted 
for  the  purpose,  and  kept  at  this  temperature  during  the  whole  time  of  dipping. 

Fresh  materials  must  be  added  to  the  aforesaid  bath  from  time  to  time  in  the 
right  proportion  to  keep  the  mixture  of  the  proper  consistency.  Such  proportions 
may  also  be  varied  according  to  the  season  of  the  year,  as  will  be  directed  by  the 
Engineer  or  found  necessary  to  produce  a  coating  of  the  required  quality. 
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CAST-IRON  PIPE. 

HISTORY. 

According  to  Mr.  Jesse  Garrett,^  the  first  cast-iron  pipe  was  used 
for  the  water  sendee  of  Versailles,  France,  in  1685.  The  first  iron 
pipe  was  laid  in  London  in  1746,  and  in  1835  the  various  water  systems 
of  that  metropolis  included  more  than  1,000  miles  of  that  kind  of  pipe. 

During  the  early  part  of  this  century  James  Watt  laid  cast-iron 
pipes  with  flexible  joints  across  the  River  Clyde,  to  convey  water  to 
Glasgow.  These  pipes  had  ball  and  socket  joints,  were  9  feet  lon^:^ 
and  from  15  inches  to  36  inches  in  diameter. 

The  first  cast-iron  pipes  used  by  the  city  of  Philadelphia  wore 
molded  by  Mark  Adams  from  designs  prepared  by  Frederic  Graflf,  sr., 
the  engineer  of  the  Philadelphia  waterworks.  These  pipes  were  cast 
direct  from  melted  native  bog  ore.  The  pipe  molds  were  placed  in  a. 
nearly  horizontal  position  and  sufficiently  low  to  tap  the  flow  from  the 
furnace,  the  excess  of  each  pouring  being  run  into  pigs. 

Fanning  states*  that  the  earliest  pipes  had  joints  with  a  packing 
ring  of  leather.  These  were  2i  feet  in  length.  Then  followed  some- 
what longer  pipes,  with  screw  joints,  which,  however,  were  not  satis- 
factory, the  rigid  joints  preventing  free  contraction  in  winter  and 
expansion  in  summer.  For  screw  joints  there  were  soon  substituted 
slightly  tapering  cylindrical  socket  joints,  in  which  both  hub  and 
spigot  ends  were  accurately  dressed  on  a  lathe.  In  foiming  the  joints 
a  heavy  lubricant,  like  tallow,  was  first  spread  over  the  dressed 
surface,  after  which  each  spigot  end  was  driven  into  its  socket.  This 
kind  of  joint  is  still  used  for  water  and  gas  pipes  in  parts  of  Great 
Britain  and  Canada. 

The  bell  and  spigot  joint  so  common  at  the  present  time  was  fir.st 
adapted  to  wood  instead  of  lead  packing.  Dry  pine,  dressed  in  the 
form  of  a  stave  to  suit  the  diameter  of  the  pipe  to  be  calked  and  about 
3  inches  in  width,  was  cut  into  lengths  a  trifle  longer  than  the  depth  of 
the  socket.  From  four  to  eight  of  these  pine  wedges,  which  tapered 
slightly,  were  entered  at  the  top,  bottom,  and  middle  of  the  joint  and 
driven  home  together.  The  remaining  annular  spaces  were  filled  by 
other  wedges  somewhat  wider  than  the  spaces.^ 

MANUFACTURE.* 

The  first  process  in  the  manufacture  of  cast-iron  pipe  consists  in 
making  the  core,  which  is  formed  on  a  cylindrical  iron  spindle.     The 

» The  Early  History  of  Caat-Iron  Pipe,  by  Jesse  Garrett;  Read  before  the  New  England  Water  Work* 
ABBodation  in  1806. 

*Hydraalic  Engineering  and  Manual  for  Water  Supply  Engineers,  p.  458. 

»  For  description  of  pine  packing  in  cast-iron  pipes  see  paper  by  F.  A.  Creighton  in  Tmns.  Can.  Soc 
Civ.  Engre.,  Vol.  VIII,  Pt.  I,  p.  145. 

*The  writer  is  indebted  to  Mr.  W.  F.  McCue,  of  the  Colorado  Fuel  and  Iron  Company,  for  much  of 
the  Information  contained  in  this  description. 
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spindle  is  first  wi^apped  with  machine-made  hay  rope,  and  around  the 
rope  tempered  clay  is  firmly  packed.  After  this  coating  is  dried  a 
second  coat  is  put  on.  Then  the  spindle  is  revolved  in  its  bearings  and 
a  third  coat,  consisting  of  blacking  made  from  coal  dust,  is  added. 
After  this  last  coat  has  been  applied  the  core  is  trimmed  to  exact 
dimensions  and  is  then  placed  in  a  drying  oven. 

The  next  step  in  the  process  is  to  center  a  cylindrical  iron  pattern 
inside  of  the  flask  in  which  the  mold  is  formed.  The  outside  diam- 
eter of  this  pattern  is  the  inside  diameter  of  the  pii)e  to  be  made. 
Sand  and  a  small  portion  of  clay  slightly  tempered  are  firmly  ranmied 
around  the  pattern,  so  as  to  form  the  mold.  The  flask  is  then  ready 
for  the  drying  pan.  When  the  several  parts  are  sufliciently  dried  the^^ 
are  taken  from  the  oven  and  placed  in  the  casting  pit.  The  core  is 
placed  in  the  molds  and  is  accurately  centered  in  the  bevel  at  the 
bottom  and  to  the  bead  ring  at  the  top  in  order  to  insure  the  desired 
'  <limensions  of  pipe.  The  molten  metal  is  taken  from  the  cupola  in  a 
ladle  swung  from  a  crane  and  is  poured  into  the  molds  around  the 
<jore.  The  intense  heat  from  the  metal  causes  the  hay  rope  on  the 
spindle  to  burn,  leaving  the  spindle  loose  and  capable  of  being  easily 
withdrawn.  As  soon  as  the  metal  has  become  suflSciently  cooled  the 
pipe  is  lifted  from  the  flask,  taken  outside  of  the  building  and  placed 
upon  skids,  where  it  is  thoroughly  cleaned  and  prepared  for  the  coat- 
ing. After  being  cleaned  it  is  placed  on  a  car,  run  into  an  oven,  and 
heated  to  a  temperature  of  300*^  F.  It  is  then  removed  from  the  oven 
:and  immersed  in  a  bath  of  coal  pitch  and  varnish,  which  is  maintained 
at  a  temperature  of  about  210°.  After  the  coating  has  dried  the  pipe 
is  weighed  and  the  weight  is  marked  with  white-lead  paint  on  the  inside 
of  the  bell  end.  It  is  then  subjected  to  a  hydrostatic  test,  the  pressure 
varying  from  250  to  300  pounds  per  square  inch,  according  to  the 
thickness  of  the  shell  and  the  size  of  t!ie  pipe,  and  while  under  this 
pressure  it  is  subjected  to  an  additional  test,  consisting  of  a  series  of 
blows  from  a  3-pound  hammer  attached  to  a  handle  16  inches  long,  the 
blows  being  applied  by  hand  at  various  points  throughout  the  length 
of  the  pipe. 

DIMENSIONS  AND   WEIGHTS. 

A  few  j^ears  ago  a  committee  was  appointed  by  the  American  Water 
Works  Association  to  draft  suitable  specifications  for  standard  cast- 
iron  water  pipe.  Mr.  S.  B.  Russell,  who  was  chairman  of  the  com- 
mittee, recommended  *  three  weights  for  each  size  of  pipe,  to  be  desig- 
nated A,  B,  and  C.  The  weight  of  class  B  was  determined  from  the 
average  weight  of  the  pipe  used  in  a  large  number  of  American  cities 

1  Report  of  proceedings  of  the  annual  meeting  of  the  American  Water  Works  Aasociation  (1890). 

p.  23. 
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and  towns;  class  A  was  10  per  cent  lighter  than  class  B,  and  class  C  was 
10  per  cent  heavier  than  class  B.  The  following  table  embodies  the 
recommendations  of  the  conunittee  regarding  the  outside  diameter, 
the  average  thickness,  and  the  weight  of  each  1,000  feet  of  each  size 
and  class.  To  determine  the  weight  per  lineal  foot,  including  bell 
ends  and  spigots,  the  weights  given  should  be  divided  by  1,000. 

Dimeninons   and  weights  of  cast-iron  uxUer  pipe  adopted    by   American   Water  Works 

Association  in  1890. 


a  Including  bell  ends  and  spigots. 


Size  (internal  diameter). 

Class. 
fA... 

OutBide 
diameter. 

Average 
thickness 
of  barrel. 

] 

Weight  per    | 
1.000  feet.a     1 

3-inch 

Inches. 

Inches. 

Pounds. 
14,*000 

B.,. 
C... 

3.856 

0.428 

15, 580     ' 

i 

4-inch 

6-inch 

8-inch 

17, 170     • 

fA... 

19, 170    ! 

B... 
C... 

4.904 

0.452 

21,330 
23,500 
31,  330 
34, 830 
38,330 

A... 

B... 

7.000 

0.500 

(A 

44,  750 

B... 
C... 

9.094 

0.547 

49,750    i 
54,  750 

I 

(A... 

60,570 

67,330 

74,080 

78, 250 

86,920 

95, 580 

119, 170 

132, 420 

146, 580 

165,330 

183, 750 

202, 080 

220,750 

245,250 

269,  750 

316,  250 

351,420 

386, 580 

428,  750 

476, 420 

524, 080 

710, 670 

789, 670 

868, 670 

10-inch 1 

12-inch 

B... 
C... 

11.190 

0.595 

A... 

! 

B... 
C... 

13.286 

0.643 

16-inch 

20-inch 

(A  ... 

1 

B... 
C  ... 

17. 476 

0.738 

fA... 

1 

B... 
C... 

21.666 

0.833 

24-inch i 

30-inch 

A  .. 

B... 
C  ... 

25.856 

0.928 

A 

' 

B... 
C... 

32. 142 

1.071 

36-inch 

fA... 

B... 

C... 

38.428 

1.214 

48-inch 

fA... 

B... 
C  ... 

51.000 

1.500 



..... 

The  following  table  gives  the  dimensions  and  weights  per  lineal  foot 
of  the  various  sizes  of  cast-iron  water  pipe  made  by  the  Colorado  Fuel 
And  Iron  Company,  of  Pueblo,  Colorado.  The  thickness  of  each  shell 
is  calculated  to  withstand  a  hydrostatic  pressure  of  125  pounds  per 
square  inch. 
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jyimensUms  and  xodghtx  of  cast-iron  water  pipe  made  by  the  Colorado  Fuel  and  Iron 

Company. 


Size 

(Internal 

diameter). 


S-inch . 

4-inch . 

6-inch  - 

8-inch . 
10-inch . 
12-iiich. 
16-inch . 
20-inch . 


Weight 
per  foot. 


Pminds. 
15 
22 
32 
42 
62 
75 
125 
185 


Inside  diam- 
eter of  bell 
at  face. 


Outside 

diameter  of 

!  bell  at  face. 


Inches. 


4* 

3 

Hi 
13f 

18 
22i 


Outside 

diameter  at 

spigot 


Inches. 
4f 

51 
71 

iir 
laji 

17j 
22 


Thickness 
of  shell. 


Inch. 


1 


H 


TKSTINa   AND  INSPECmNG. 

■ 

The  defects  common  to  cast-iron  pipe  are  chiefly  due  either  to  the 
use  of  poor  material  or  to  bad  workmanship.  The  essential  elements 
in  cast  iron  are  metallic  iron  and  a  low  percentage  of  carbon.  Its 
quality  depends  to  a  large  extent  on  the  amount  of  impurities  it  con- 
tains. The  presence  of  sulphur  produces  a  hard,  weak,  and  brittle 
metal.  W.  F.  Keep  states^  that  good  foundry  iron  should  contain  not 
more  than  0.15  per  cent  of  sulphur  nor  more  than  0.66  per  cent  of 
phosphorus.  From  2  to  5  per  cent  of  phosphorus  produces  a  brittle 
metal.  The  same  writer  adds  that  the  addition  of  a  small  amount  of 
^silicon  eliminates  blowholes  and  produces  sound  castings,  but  that  an 
excess  of  silicon  increases  the  shrinkage  and  hardness. 

The  quality  of  the  material  can  best  be  determined  by  testing  sam- 
ples. Samples  for  the  beam  or  tranverae  test  are  usually  2  inches 
wide,  1  inch  deep,  and  24  inches  between  supports.  Such  a  bar  should 
$4upport  a  weight  of  2,000  pounds  at  the  center  and  bend  at  least  one- 
fourth  inch  before  breaking. 

The  tenacity  of  the  metal  is  commonly  found  by  testing  small  speci- 
mens having  cylindrical  centers  and  enlarged  ends.  The  specimen  is 
first  dressed  to  a  known  area  (1  square  inch)  at  the  middle  section,  and 
is  then  placed  in  the  grip  blocks  and  pulled  until  broken.  An  average 
^i^mde  of  iron  suitable  for  water  pipe  should  withstand  a  strain  of 
^0,000  pounds  per  square  inch  before  breaking. 

A  common  error  in  the  manufacture  of  cast-iron  pipe  is  to  remove 
the  pipe  from  the  flasks  before  it  is  properly  cooled.  Unequal  cooling 
has  been  known  to  reduce  the  strength  of  small  test  samples  10  per 
cent.  Besides,  these  cooling  strains  are  very  difficult  to  detect.  It 
not  infrequently  happens  that  a  pipe  which  has  been  tested  in  the 
proving  press  to  300  pounds  per  square  inch  fails  when  laid  in  the 
ground  and  subjected  to  bending  stresses  and  water  ram.  J.  Nelson 
Tubbs,  formerly  chief  engineer  of  the  Rochester  waterworks,  made 
use  of  a  steel  pick  weighing  about  3  pounds  to  test  pipes  for  internal 


^  See  The  Materials  of  Construction,  by  J.  B.  Johnson,  p.  97. 
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cracks  caused  by  unequal  coolings  honeycombed  vshells,  and  other 
defects. 

The  pressure  test  consists  in  placing  each  length  of  straight  pipe  in 
a  proving  press  and  increasing  the  water  pressure  to  300  pounds  per 
square  inch.  While  the  pipe  is  under  pressure  it  is  struck  at  different 
places  throughout  its  entire  length  by  a  3-pound  hammer  attached  to 
a  handle  16  inches  long. 

Another  defect,  caused  by  careless  molding,  is  unequal  thickness 
in  the  shell  of  the  pipe.  Heavy-sided  pipes  can  usually  be  detected 
by  placing  them  on  horizontal  skids.  If  any  doubt  exists  as  to  the 
uniform  thickness  of  the  shell,  the  pipe  should  be  set  aside  and  care- 
fully calipered.  A  difference  of  10  per  cent  in  the  thickness  of  the 
pipe  at  different  points  should  warrant  its  rejection.  The  real  test, 
however,  comes  after  the  pipe  has  been  laid  and  connected.  The 
whole  system  should  then  be  subjected  to  a  pressure  somewhat  in 
excess  of  any  it  will  likely  be  called  upon  to  withstand,  and  this 
pressure  should  be  increased  rapidly  and  shut  off  quickly,  in  order 
that  the  pipe  may  be  tested  for  the  extra  strain  due  to  pressure  sud- 
denly raised  and  lowered. 

LAYING. 

It  is  best  to  lay  the  outlet  pipes  of  storage  reservoirs  in  the  natural 
soil,  on  stable,  uniform  beds,  with  wing  walls  of  cement  near  the 
upper  end  and  near  the  center,  to  prevent  the  passage  of  water  aTong 
the  outside  of  the  pipe. 

If  it  is  necessary  to  lay  the  outlet  pipe  in  made  ground,  a  parabolic 
curve  with  the  inner  end  at  the  vertex  is  perhaps  the  best,  as  the 
arched  form  increases  the  strength  of  the  pipe  and  the  subsidence  of 
the  embankment  will  tend  to  tighten  the  joints. 

Pipe  lines  should  be  accurately  located,  either  by  transit  lines  or  by 
measurements  from  permanent  objects.  The  location  of  all  fittings, 
valves,  hydrants,  etc. ,  should  also  be  shown  on  the  maps.  The  depth 
of  the  trench  depends,  as  a  rule,  on  the  amount  of  frost.  In  Leadville, 
Colorado,  water  pipes  have  frozen  at  a  depth  of  6  feet,  while  in  Cali- 
fornia a  covering  of  18  inches  is  ample. 

The  pipe  should  be  inspected  while  it  is  being  removed  from  the 
cars,  the  weight  of  each  length  being  noted,  and  then  distributed  along 
the  trench  line,  with  the  bell  ends  forward.  After  the  bottom  of  the 
trench  has  been  reduced  to  a  uniform  grade,  a  hole  should  be  dug  at 
the  place  for  each  joint,  for  the  reception  of  the  bell  end,  and  the  pipe 
should  be  lowered  into  the  trench,  by  means  of  derricks  or  chain  falls, 
and  calked.  The  practice  of  leading  several  lengths  of  pipe  on  the 
bank  and  lowering  two  or  three  lengths  at  a  time  into  the  trench  is  not 
to  be  encouraged,  because  the  joints  are  often  sprung  in  lowering  and 
placing.  In  leading,  a  part  of  the  vacant  space  in  each  bell  surround- 
ing the  spigot  is  first  filled  with  yarn  or  oakum,  inserted  by  the  use  of 
a  yarning  tool;  the  remaining  space  is  filled  with  lead  and  thoroughly 
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calked.  Narrow-edged  calking  tools  are  first  used,  to  compact  the 
metal  at  the  inner  edge  of  the  lead  space;  these  are  followed  by  tools 
that  nearly  fill  the  joint. 

In  back  filling  the  trench  the  earth  should  be  carefully  tamped  beneath 
and  at  the  sides  of  the  pipe  until  it  is  about  two-thirds  covered.  Earth 
bridges  can  then  be  made,  to  prevent  flotation,  and  the  trench  partially 
filled  with  water,  after  which  the  remainder  of  the  earth  can  be  filled 
in  without  tamping. 

In  American  practice  the  usual  form  of  joint  consists  of  a  spigot 
inserted  into  a  bell  or  socket  and  calked  with  yarn  and  lead.  In  Great 
Britain,  however,  and  occasionally  on  the  Continent,  the  turned  and 
bored  joint  is  still  used.  In  this  form  of  joint  the  socket  is  bored  to  a 
depth  of  4  or  more  inches,  the  spigot  end  is  turned  to  fit  the  socket, 
and  after  painting,  the  spigot  end  is  inserted  and  driv' en  into  the  drilled 
socket.     Both  of  the  dressed  surfaces  are  slightly  conical. 

Owing  to  the  hemp  packing  and  the  softness  of  the  lead,  a  lead  joint 
is  much  less  rigid  than  a  turned  and  bored  joint,  and  conforms  more 
readily  to  uneven  grade  lines  and  to  expansion  and  contraction  pro- 
duced by  unequal  temperature.  On  the  other  hand,  lead  joints  are 
more  likely  to  leak  after  a  sudden  change  in  the  temperature.  Leaky 
joints  are  common  in  the  spring  of  the  j^ear  when  the  frost  is  leaving 
the  ground.  Both  lead  and  cast  iron  contract  in  the  winter  and  the 
joints  remain  tight,  but  with  the  advent  of  spring  both  expand,  but 
in  unequal  ratios — cast  iron  expands  nearly  three  times  as  much  as 
lead — and  leaks  frequently  result. 

The  following  table  gives  the  approximate  cost  of  the  various  items 
in  laying  cast-iron  water  pipe.  The  amount  of  lead  required  for  a 
joint  depends  upon  the  size  and  shape  of  the  bell  and  spigot,  which 
vary  at  the  different  manufactories;  also  upon  the  degree  of  water 
tightness  desired.  In  the  sixth  column  of  the  table  is  given  the  cost 
of  trenching  and  back  filling  as  computed  by  Mr.  James  B.  Hopkins, 
who  was  for  veai*s  the  writer's  foreman. 

Table  shomng  cost^  per  lineal  foot  ^  of  laying  coM-iron  water  pipe. 


Size  (inter- 
nal diam- 
eter). 

Weight  of  filling, 
per  joint. 

CoBt  of  lead 

and  oakum, 

per  foot  of  pipe. 

Cost  of  laying, 
per  foot. 

Cost  of  trench- 
ing and  back 
filling,  per  foot 

Total  cost, 
per  lineal    ' 

Lead.        Oakum. 

■ 

foot. 

< 

Pounds. 

Ounces. 

4-inch . 

7 

3 

$0.04 

10.02 

$0.08 

$0.14 

6-inch . 

10 

5 

0.06 

0.02 

0.08. 

0.16 

8-inch . 

13 

7 

0.07 

0.03 

0.09 

0.19 

10-inch . 

15 

9 

0.09 

0.03 

0.09 

0.21 

12-inch . 

18 

11 

0.10 

0.04 

0.10 

0.24 

14-inch . 

22 

13 

0.12 

0.04 

0.10 

0.26 

16-inch . 

26 

15 

0.14 

0.045 

0.11 

0.29 

18-inch . 

32 

16 

0.17 

0.05 

0.12 

0.34 

20-inch. 

38 

18 

0.20 

0.06 

0.12 

0.38 

24-inch . 

42 

20 

0.23 

0.08 

0.14 

0.45 

30-inch . 

60 

24 

0.32 

0.16 

0.16 

0.64 

36-inch . 

80 

30 

0.43 

0.18 

0.20 

0.81 
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There  is,  properlj'^  speaking,  no  substitute  for  cast  iron  as  a  material 
for  water  mains.  Cast-iron  pipe  has  stood  the  test  of  a  century,  and 
is  now  universally  regarded  as  superior  to  all  other  pipes  for  the  con- 
veyance of  water.  Hydraulic  engineers  have  recommended  it  as  safe 
and  reliable,  and  private  and  municipal  corporations  have  purchased 
and  laid  millions  of  tons  in  the  various  waterworks  systems  of  the 
country.  It  is  true  that  substitutes  have  been  introduced  in  small 
cities  and  towns  of  the  West,  where  the  cost  of  transportation  is 
high,  and  while  some  of  these  substitutes  have  given  satisfaction  the 
majority  have  proved  partial  failures  at  least.  On  permanent  streets, 
beneath  reservoir  embankments,  and  wherever  durability  is  an  essen- 
tial element,  cast-iron  pipe  should  be  used.  For  waterworks  conduits 
which  may  soon  be  replaced  by  larger  ones,  and  for  irrigation  works, 
there  are  other  kinds  of  piping  that  may  be  preferred. 

COST. 

In  the  Rocky  Mountain  States  the  price  of  cast-iron  pipe  has  decreased 
from  about  $42  a  ton  in  1888  to  about  $30  a  ton  in  1898. 

In  the  following  table  three  different  weights — light,  medium,  and 
heavy — are  included.  The  light-weight  pipe  should  safely  withstand 
a  static  pressure  of  120  pounds  per  square  inch  as  well  as  ordinary 
water  ram. 

Table  xhoirhig  costj  per  lineal  footy  of  ca^-iron  pipe  at  fSO  a  ton. 


Llf^ht-weight  pipe. 

Medium-weight  pipe. 

Heavy-weight  pipe. 

Size  finteraal 

diameter). 

Weteht  per 
foot. 

Price  per 

Weight  per 
foot. 

Price  per 

Weight  per 
foot. 

Price  per 

foot. 

foot. 

foot. 

Poundi. 

Pounds. 

Pounds. 

3-inch... 

14 

$0.21 

15 

$0.23 

17 

$0.26 

4-inch... 

19 

0.29 

21 

0.32 

23 

0.35 

6-inch .  -  - 

31 

0.47 

35 

0.53 

:« 

0.57 

8-inch... 

45 

0.68 

50 

0.75 

55 

0.83 

10-inch .  -  - 

61 

0.93 

67 

1.01 

74 

1.11 

12-inch... 

78 

1.17 

87 

1.31 

96 

1.44 

16-inch... 

119 

1.69 

132 

1.98 

146 

2.19 

20-inch... 

165 

2.48 

184 

2.76 

202 

3.03 

24-inch..- 

221 

3.32 

245 

3.68 

270 

4.05 

30-inch... 

316 

4.74 

351 

5.27 

386 

5.79 

36-inch... 

429 

6.44 

476 

7.14 

524 

7.86 

48-inch . . . 

711 

10.67 

790 

11.85 

869 

13.04 

The  cost  of  laying  the  pipe  has  been  given  in  the  table  on  page  80. 
IKR  43 6 


INDEX. 


Adanus,  M.,  cast-iron  pipes  molded  by 75 

Affleek'8  mill  race,  Utah.carryincT  capacity 

of,  experiment  to  determine 29 

section  of 28 

Allen,  C.  P.,  invention  of  stave  pipe  by 64-06 

Allen  stave  pipe,  description  of 64-66 

details  of,  figure  showing 65 

steel  used  for  bands  of 68 

American  Water  Works  Association,  dimen- 
sions and  weights  of  cast-iron  pipe 

recommended  by 76-77 

Anchor  ice,  dlscusj^ion  of 17-18 

formation  of,  method  of  preventing 18-19 

Aprons,  canal  and  flume  with  vertical,  sec- 
tion of 68 

flume  with  inclined,  plan  and  elevation 

of  end  of 67 

for  flumes,  descriptions  of 55-68 

Aquatic  plants  in  canals,  discussion  of..  19-28,45 

drag  for  removal  of 22-23 

effect  of 45 

Arid  lands,  extent  and  character  of 11 

irrigation  of 11 

Bear  River  canal,  Utah,  branches  of,  sec- 
tions of 28,82,85,88 

branches  of,  vegetation  in 20-21 

carrying  capacities  of  flumes  on,  exper- 
iments to  determine 59,59-60 

carrying  capacities  of  laterals  of,  experi- 
ments to  determine 27, 34-36 

carrying  capacity  of,  experiment  to  de- 
termine        27 

sections  of 28 

tunnel  of,  view  of 20 

view  of 16 

Bear  River  City  canal,  Utah,  carrying  ca- 
pacity of,  experiment  to  determine . .       27 

section  of 28 

Beer«,W.  D.,  aidby 23 

Berms,  utility  of 13-14,45 

Bethel,  N.  W.,  and  Fortier.  8.,  quoted 70 

Bitterroot  stock   farm,  Montana,   trestles 
used  on,  dimensions  of  parts  for,  table 

of 54 

flumes  and  trestles  T^sed  on 53-54 

flumes  and  trestles  uf*ed  on,  details  of. 

plate  showing 54 

lumber  required  for  flumes  used  on, 

list  of 53 

Brigham,  Utah,  stave  pipe  at,  view  of 64 

Brigham  City  canal,  Utah,  carrying  capac- 
ity of,  experiment  to  determine 42 

section  of 43 
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Brigham  City  Electric  Light  Company's 
canal,  Utah,  carrying  capacity  of,  ex- 
periment to  determine 42 

section  of 43 

California,  canals  in,  views  of 16, 24, 26, 62 

flumes  in,  views  of 5(i,  62 

flumes,  small  distributing,  used  in 54-55 

frost  depth  in 79 

redwood  stave  pipes  in,  views  of 66, 68 

riveted  steel  pipe,  use  of ,  in 71, 72 

Canada,  bored  logs,  use  of,  as  water  pipe  in .  63-64 
stave  pipe  used  in  conduit  of  Toronto 

waterworks,  section  of 64 

Canals,  anchor  ice  in,  method  of  preventing-18-19 

aquatic  plants  in 19-23, 45 

carrying  capacities  of,  experiments  to 

determine 27-45 

cross  sections,  standard,  of 13-14 

drag  for  removing  vegetation  from 22-23 

embankment    on  low  side  of,  flgure 

showing 13 

flow  of  water  in 23-26,45 

grades,  proper,  for 14-16 

hydraulic  elements  of  sections  tested..      30, 

33,37,39,40,42,44 

in  earth,  velocity  proper  for 15 

locating,  methods  of 11-13 

on  level  ground,  half  section  of,  figure 

showing 13 

operation  of,  in  winter 16-19 

silt  deposit  in,  section  showing 16 

silt  in,  methods  of  providing  for 12-13 

slope  of  water  surface  of,  method  of  de- 
termining         26 

uses  of 16-17 

vegetation  in,  method  of  preventing. . .  21-22 

vegetation,  removal  of,  from 22-23, 45 

velocities,  high,  effect  of,  on 15-16 

velocity  in 14-16 

Carlson,  Mr.,  cited 53 

Carroll-Porter  Boiler  and  Tank  Co.,  riveted 

steel  pipe  made  by,  specifications  for.  72-74 
CasMron  pipe.    See  Pipe. 
Central  farm  laterals,  Utah,  carrying  ca- 
pacities of,   experiments    to    deter- 
mine    34-36,39 

sections  of 35, 3H 

Cheyenne.  Wyo.,  stave  pipe,  durability  of, 

at 70 

Coefficients  of  roughness,  Flynn's 24-25 

Fortler's 44-45 

Kutter's 24 
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College  and  City  canal,  Utah,  carrying  ca- 
pacity of,  experiments  to  determine. .       37 

sectiona  of 38 

Colorado,  canal  in,  croM  section  of 61 

flumes,  double-lined,  in 48 

North  Poudre  flume,  view  of 48 

Colorado  Fuel  and  Iron  Company,  cast-iron 
pipe  made  by,  dimensions  and  weights 

of 78 

Corlnne,  Utah,  carrying  capacity  of  flume 

near,  experiment  to  determine 59 

Corinne  canal,  Utah,  carrying  capacity  of, 

experiment  to  determine 27-29 

carrying  capacity  of  lateral  of,  experi- 
ment to  determine SO 

lateral,  section  of 82 

sections  of 28 

vegetation  in 20-21 

Creighton,  F.  A.,  cited 75 

Current  meter,  measurements  by  weir  and, 

comparison  of 25-26 

Davis  and  Weber  County  Canal  Co.,  old 

flume  of,  weir  of 48 

Denver,  Colo.,  vegetation  in  reservoir  at. . .       21 
Distributing  flumes,  types  of,  figures  show- 
ing  65,56 

Dolores  canal,  No.  2,  Colo.,  cross  section  of.       51 
Dougall,  W.  B.,  experiments  by,  to  deter- 
mine carrying  capacities  of  semicir- 
cular flumes 62^68 

Drag,  rail  used  in  V-shaped,  section  of 22 

Dwelle  stave  pipe,  description  of 66-66 

details  of,  figure  showing 66 

Erosion,  method  of  protecting  canals  and 
flumes  from,  discussion  of,  and  figure 

showing 57-58 

Fanning,J.T.,  cited 75 

Flow  of  water  in  canals,  discussion  of 28-26 

experiments  to  determine 27-45 

Foitier's  conclusions  regarding 45 

Flume,  aprons  for 55-56 

aprons  for,  vertical,  figure  showing 58 

Flume  for  steep  hillsides,  description  of 50-51 

details  of  construction  of,  figure  show- 
ing        50 

Flume  on  piles,  cross  section  of 49 

methods  of  building 49 

Flume  on  trestle,  elevations  of  end  and  side .       56 

Flumes  on  trestles,  methods  of  building 49-^ 

views  of 18,60,54,56 

Flumes,  Sterling  semicircular,  advantages 

of,  over  rectangular 61 

Flumes,  wooden,  carrying  capacities  of  —  58-60 
carrying  capacities  of  rectangular,  ex- 
periments to  determine 59-60  , 

Colorado  double-lined 48  ' 

framework  for 49-55 

hydraulic  elements  of  sections  tested  . .       60 
inclined  aprons  for,  plan  and  elevation 

showing 57 

lining  for 46-19 

protection  of  ends  of 55-58 

substitutes  for 46 

use  and  serviceability  of 45-46 

Flumes,  carrying  capadtiesof  semiciroulnr, 

experiments  to  determine 62-68 


Flumes,  details  of  construction  of  rectang- 
ular, figures  showing 

47, 49, 50, 51, 52, 55, 56, 57, 56 

inventor  of  semiciroular 60 

methods  of  constructing  semicircular, 

figures  showing 62 

rectangular,  views  of 48,50,54, 56 

semiciroular,  views  of «  GO,  €2 

types  of  distributing,  figures  showing  . .  56-56 

use  and  advantages  of  semicircular 60-63 

Flynn,P.J.,cited 24 

coefficients  of  roughness  established  by.  24-25 

work  of,  and  acknowledgments  to 24 

Fowler  Switch  canal,  Cal...  high  velocities. 

effect  of ,  on,  plate  showing 16 

Fxasil  ice.    See  Anchor  ice. 

Garrett,  Jesse,  cited 75 

Qoehen,  Utah,  Sterling  semicircular  fiome 

at 61 

Qrades  for  canal,  discusBion  of 14-16 

Qrafl,  F.,  sr.,  method  of  molding  cast-iron 

pipe  designed  by 75 

Greeley,  Colo.,  North  Poudre  flume  near, 

view  of 48 

Ground  ice.    See  Anchor  ice. 

Hall,  W.  H.,  semiciroular  flumes  built  by . .       GO 

Hedge  canal,  Mont,  flume  of.  view  of M> 

Hopkins,  J.  B.,  cost  of  trenching  and  back- 
filling pipe  computed  by HO 

Humphreys,  T.  H.,  aid  by 23 

Hydraulic  elements  of  canals  tested 30. 

88,37,89,40,42.44 

Hydraulic  elements  of  flumes  tested 60 

Hyrum  canal,  Utah,  carrying  capacities 
of  laterals  of,  experiments  to  deter- 
mine   40,40-11 

carrying  capacity  of,  experiment  to  de- 
termine   38-39,39 

laterals  of ,  sections  of 41 

sections  of 88.41 

Ice,  weight  of 17 

Irrigation  canals.    See  Canals. 
Johnstown,  Pa.,  force  of  revolving  current 

duringfioodat IS 

Jones,  F.  A.,  fiumes  designed  by 53>>M 

flumes  designed   by,   construction  of. 

plate  showing M 

Keep,  W.  F.,  cited 7» 

Kern  Valley  Power  Development  Worto?, 

flumeof,  view  of 56 

Kleinschmidt  canal,  Mont.,  description  of.  15-16 

silt  deposit  in,  flgure  shotting 16 

Kutter,  W.  R.,  coefficients  of  roughness  es- 
tablished by 24 

La  Plata  County,  Colo.,  cross  section  of 

canal  in 51 

Leadville,  Colo.,  frost  depth  at 79 

Lewiston  canal,  Utah-Idiaho,  cacryinir  ca- 
pacity of,  experiment  to  determine . .       34 

section  of 35 

I.<ogan,  Utah,  Af&eck's  mill  race  near,  car- 
rying capacity  of,  experiments  to  de- 
termine         29 

Affleck's  mill  race  near,  section  of 28 

carrying  capacity  of  canal  in  Temple 
grounds  at,  experiment  to  detennine      42 
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Logan,  Utah,  lateral  in  Temple  gioands  at, 

section  of 4S 

Logan  and  Benson- Ward  canal,  Utah,  car- 
rying capacity  of,  experiment  to  de- 
termine        40 

section  of 41 

Logan  and  Hyde  Park  canal,  Utah,  carry- 
ing capacity  of,  experiment  to  deter- 
mine         81 

lateral  of,  carrying  capacity  of,  experi- 
ment to  determine 40 

lateral  of,  grade,  etc.,  of 15 

lateral  of,aectIon  of 41 

iiection  of 82 

Logan  and  Richmond  canal,  Utah,  carrying 

capacity  of,  experiment  to  determine.  81-88 

flection  of 82 

Lfigan  Citycanal,Utah,  carrying  capacity  of, 

lateml  of,  experiment  to  determine . .       81 

{section  of 82 

Logan,  Hyde  Park,  and  Smithfleld  canal, 
Utah,  carrying  capacity  of,  experi- 
ments to  determine  29-80,83 

nectionaof 28,82 

Logan,  Hyde  Park,  and  Thatcher  canal, 

Utah,  aquatic  plants  in 20 

carrying  capacity  of,   experiment  to 

determine 37 

bection  of 88 

McCue,  W.  F.,  cited 76 

McMinn,  T.  J.,  cited 64 

Middle  Creek  canal,  Mont,  grade  exces- 

sfye  in,  injarioos  effects  of 16 

Millyllle  and  Proyidence  canal,  Utah,  car- 
rying capacity  of,  experiment  to  de- 
termine         31 

section  of 82 

Montana,  flnme  lining  used  in 46-^ 

flumes  and  trestles  on  Bitterroot  stock 

farm  in 53-54 

fl  umes  in,  views  of oO,  54 

vegetation  in  canals,  absence  of,  in 21 

Mortensen,  M.,  and  Rhead,  J.  L.,  drag  de- 
signed by 22-28 

Mount  Nebo Irrigation  Co.,  Sterling  semicir- 
cular flnme  of 61 

New  England,  stave  pipe  in,  early  use  of. . .  68-64 

Newell,  F.  H., letter  of  transmittal  by 9 

North  Pomona,  Cal.,  cement-lined  ditch  at, 

view  of 26 

North  Poudre  flume,  Colo. ,  view  of 48 

Ogden,  Utah,  stave  pipe  in  use  at,  descrip- 
tion of 66 

stave  pipe  in  use  at,  durability  of 70 

stave  pipe  in  use  at,  figure  showing  —       67 

vegetation  in  reservoir  at 21 

Pease,  W.  D. ,  acknowledgments  to 70 

Peterson,  P.  A.,  cited 17 

Philadelphia,  Pa.,  cast-iron  pipe  first  used 

at 75 

Pioneer  Electric  Power  Co.,  stave  pipe  built 

by.  details  of,  figure  showing 67 

stave  pipe  built  by 66,68 

Pipe,  Allen  type  of  stave,  figure  showing  de- 
tails of 65 

bored-log,  view  of 68 
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Pipe,  construction  of  stave 68-69 

cost  of  cas' -iron 71-81 

cost  of  laying  cast-iron 80 

costofriveted-steel T 71 

cost  of  stave 71 

dimensions  and  weights  of  cast-iron ...  76-78 

durability  of  cast-iron 81 

durability  of  stave , 70 

bored-log,  figure  showing 63 

Dwelle  type  of  stave,  figure  showing 

details  of 66 

form  of  stave,  early,  figure  showing 63 

history  of  cast-iron 75 

invention  of  stave 64-65 

laying  cast-iron 79-80 

location  of  lines  of  stave 69 

lumber  for  stave 66-68 

manufacture  of  cast-iron 75-76 

manufacturers  of  riveted-steel 72 

origin  and  early  use  of  stave 63-64 

Pioneer  Electric  Company's  stave,  figure 

showing  details  of 67 

riveted-steel,  advantages  and  use  of 71-72 

specifications  for  riveted-steel ?i-74 

stave,  figure  showing  type  of 64 

stave, views  of 64,66,68 

steel  for  bands  of  stave 68 

testing  and  inspecting  cast-iron 78-79 

use  of  stave 70-71 

Point  Lookout  caiud,  Utah,  carrying  ca- 
pacity of,  experiment  to  determine  ..  83-34 

grade,  etc.,  of 15 

section  of 86 

Providence  canal,  Utah,  carrying  capacity 

of,  experiment  to  determine 3&^ 

section  of 85 

Providence  Town  canal,  Utah,  carrying  ca- 
pacity of,  experiment  to  determine . .       84 

section  of 35 

Providence  Upper  canal,  Utah,  carrying  ca- 
pacity of,  experiment  to  determine  . .       84 

section  of 35 

Provo,  Utah,  Sterl  ing  semicircular  fiume  at .       61 
Provo  Canyon,  Utah,  flume  in,  figure  show- 
ing         62 

Sterling  flume  in,  views  of 60 

Rectangular  flumes.    See  Flumes. 
Redlands,  Cal.,  Sterling  semicircular  flume 

near 60-61 

Redlands  canal,  Cal.,  redwood  stave  pipe 

in,  view  of 66 

Rhead,  J.  L.,  and  Mortensen,  M.,  drag  de- 
signed by 22-23 

Riveted-steel  pipe.    See  Pipe. 

Roweville,  Utah,canal  lateral  at,  section  of        28 

RusBell,  8.  B.,  mentioned 76 

Sanger,  Cal.,  fiume  at,  view  of 56 

Santa  Ana  canal,  Cal.,  Sterling  semicircu- 
lar flume  in  60-61 

redwood  stave  pipe  in,  view  of 66 

views  of 24,62,66 

Semicircular  flumes.    See  Flumes. 
Silt,  Kleinschmidt  canal,  figure  showing  de- 
posit of,  in 16 

methods  of  providing  for,  in  canals..  12-18, 

18-14 
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Slope  of  water  sur&ce,  method  of  deter- 

mininir 26 

Slush  Ice.    iSte  Anchor  Ice. 

Smithfleld  canal,  tJtah,  carrying  capacities 
of  laterals  of,  experiments  to  deter- 
mine   40,42 

laterals  of,  sections  of 41, 48 

Solveson  <b  Co.'s  canal,   Utah,   carrying 

capacity  of,  experiment  to  determine .       31 
section  of 32 

Specular  ice.    See  Anchor  ice. 

St.  Lawrence  River,  anchor  ice  in 17-18 

Stave  pipe.    See  Pipe. 
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PROFILES  OF  RIVERS  IN  THE  UNITED  STATES. 


By  Henbt  Gannett. 


GSNE^tAL  DISCfUSSION. 

The  profiles  here  represented  are  derived  from  yarioos  sources  and 
differ  from  one  another  greatly  in  accuracy.  Many  of  them  are  drawn 
from  the  annual  reports  of  the  Chief  of  Engineers,  U.  S.  A. ,  under 
which  are  included  the  reports  of  the  Mississippi  and  Missouri  River 
commissions.  The  heights  thus  obtained  are  those  of  the  level  of 
water  in  the  rivers  at  certain  stages,  and  may  be  regarded  as  of 
great  accuracy.  Others  have  been  obtained  from  railroad  profiles, 
being  the  level  of  the  rivers  at  points  where  the  railroads  touch  or 
cross  them.  Still  others  have  been  taken  from  the  atlas  sheets  of  the 
United  States  Geological  Survey  and  from  other  maps.  In  most 
such  cases  the  points  at  which  the  contours  cross  the  rivers  upon  the 
maps  have  been  taken.  These  again  differ  in  point  of  accuracy  with 
the  means  adopted  for  the  location  of  the  contours.  Where  the  spirit 
level  was  used  in  locating  contours  it  may  be  assumed  that  the  deter- 
minations are  fairly  good,  but  where  the  barometer  was  "used  the 
probable  error  may  be  of  considerable  magnitude.  Such  elevations 
are,  however,  mainly  in  the  mountainous  parts  of  the  country,  where 
the  fall  of  the  streams  is  great,  and  where,  therefore,  errors  of  con- 
siderable magnitude  may  be  tolerated,  as  affecting  but  little  the  form 
of  the  profile. 

The  rivers  whose  profiles  are  presented  in  the  following  pages  are 
indicated  upon  the  map  which  forms  PI.  I.  The  profiles  are  given  in 
figures,  showing  the  distance  between  points,  the  height  at  each  point, 
and  the  average  fall  per  mile  between  points.  They  are  also  repre- 
ijtented  graphically  upon  Pis.  II  to  XI,  inclusive.  All  these  profiles 
are  represented  upon  the  same  horizontal  and  vertical  scales,  the  for- 
mer being  100  miles  to  an  inch  and  the  latter  2,000  feet  to  an  inch. 
This  relation  between  the  scales,  which  scarcely  suffices  to  show  any 
slope  in  the  Lower  Mississippi,  gives  the  appearance  to  many  other 
streams  of  exceeding  steepness,  as  in  the  case  of  those  flowing  out  of 
the  Sierra  Nevada.  Still  it  was  judged  best,  after  much  consideration, 
to  use  uniform  scales  throughout,  in  order  that  comparisons  between 
different  rivers  might  be  made  directly. 
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8T.    CROIX  MVER. 

The  drainage  basin  of  this  river  is  in  eastern  Maine,  a  portion  of  it 
projecting  over  into  New  Brunswick.  Its  area  is  1,674  square  miles. 
Its  surface  is  undulating  and  hilly,  but  not  mountainous,  and  is,  in  the 
main,  densely  forested. 

At  a  distance  of  20  miles  from  its  mouth  the  river  forks,  the  main 
branch,  known  a^  the  Kennebasis,  coming  down  from  the  north.  It 
is  of  this  branch  that  the  profile  is  given.  The  other  branch,  known 
as  the  Chiputneticook,  comes  from  the  west. 

To  illustrate  the  lacustrine  character  of  this  stream  it  may  be  stated 
that  there  are  within  its  drainage  basin,  and  tributary  to  it,  no  fewer 
than  27  lakes,  ranging  in  size  from  three-quarters  of  a  square  mile  up 
to  27  square  miles,  and  with  a  total  area  of  134  square  miles. 

Upon  the  river  and  its  northern  tributary  there  are  many  falls  and 
rapids,  only  a  few  of  which  have  been  utilized. 

The  profile  shows  great  and  recent  disturbances,  changing  it  materi- 
ally from  the  normal  profile  which  it  must  have  presented  at  the 
opening  of  the  Glacial  epoch. 

The  figures  are  from  Wells's  Water  Power  of  Maine. 


Locality. 


Upper  bridge,  Milltown,  mouth 

Baring  bridge 

Foot  of  Sprague  falls 

Head  of  Sprague  falls 

Head  of  Enoch  rips 

Piteh  of  Lower  Grand  falls 

Head  of  Upper  Grand  falls 

Foot  of  Grand  Chiputneticook  falls. 
Head  of  Grand  Chiputneticook  falls 

Foot  of  Canooee  rips 

Head  of  Canoose  rips 

Foot  of  Haycock  rips 

Head  of  Haycock  rips 

Foot  of  Meeting-house  rips 

Head  of  Meeting-house  rips 

Foot  of  Rocky  rips 

Head  of  Rocky  rips 

Foot  of  Mile  rips 

Head  of  Mile  rips 

Foot  of  Kill-me-quick  rips 

Head  of  Kill-me-quick  rips 

Head  of  Chiputneticook  Lake 

Stream  into  Mud  Lake 

Head  of  Mud  Lake 


Distance 

from 
mouth. 


Milee. 
0 

H 

m 

lU 

19| 

22 

22} 

30 

30} 

33i 

33} 

34} 

35} 

36i 

39} 

50 

61 

54 

54} 

74} 

76i 

80} 


Height 
above 


Fed. 
0 
86 
93 
118 
128 
145 
165 
169 
190 
200 
211 
212 
218 
218 
226 
227 
252 
353 
358 
372 
382 
382 
426 
426 


Fall  per 
mile. 


IM. 


9 
50 


3 

40 
o 

28 

1 

22 


12 


8 


6 

5 

20 


22 


OANNvrr.] 


PENOBSCOT   AND   KENNEBEC   RIVERS. 


PENOBSCOT  RIVER. 

This,  the  largest  river  in  the  State,  has  a  drainage  area  of  8,934 
square  miles,  its  greatest  length  being  160  miles,  and  its.  greatest 
breadth  115  miles.  Its  surface  is  hilly  or  undulating,  in  the  main 
forest-clad  and  full  of  lakes;  indeed,  within  its  basin  185  lakes  and 
ponds  have  been  counted,  having  a  total  area  of  395  square  miles. 

The  course  of  the  river  is  crooked;  indeed,  in  ite  upper  part  it  has 
apparently  no  definite  direction,  flowing  through  lakes  and  swamps. 
It  meets  tide  at  Vinal  Mills,  39  miles  above  its  mouth.  Its  profile  is 
equally  irregular,  consisting  of  level  reaches,  rapids,  and  falls. 

The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

Bangor 

Head  of  falls,  Vinal  Mills 

Mouth  of  Mattawamkeag  River 

Chesuncook  Lake 

Penobecot  Lake 


Distance 
-  from 
m<^uth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUea. 

/bef. 

Fea. 

0 

0 

27 

0 

39 

92 

7.7 

84 

190 

2.2 

120 

900 

19.7 

200 

1,509 

7.6 

KENNEBEC  RIVER. 

This  river  has  its  source  in  Moosehead  Lake,  from  which  it  flows  in 
a  generally  southward  direction  to  its  mouth  below  Bath.  It  meets 
tide  at  Augusta,  26  miles  above  Merrymeeting  Bay,  and  about  40  miles 
above  its  mouth.  Its  drainage  area,  excluding  Androscoggin  River,  is 
6,400  square  miles,  most  of  which,  and  especially  the  northern  part, 
is  densely  forested.  It  is  in  a  lacustrine  region  containing  hundreds 
of  lakes  and  ponds,  most  of  which  are  small  in  area.  The  profile  is 
from  the  census  report  on  Water  Power,  1880. 


Locality. 


Merrymeeting  Bay 

Augusta,  head  of  tide 

Head  of  Kendall  Mills  rip 

Norridgewock 

Dam  at  Madison  bridge. . . 
Head  of  Caratunk  falls  . . . 
Moosehead  Lake 


Distance 

from 

Menymeet- 

ing  Bay. 


Miles. 
0 
26 
48 
66 
79 
90 
138 


Height 

above 

sea. 


Feet. 

0 

0 

91 

138 

236 

316 

1,023 


Fbll  per 
mile. 


Feet. 


4.1 
2.6 
7.5 
7.3 

14.7 
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ANDB08000GIN  BIVEB. 

This  river  lieads  in  the  White  Mountains,  in  New  Hiuiipshire,  and 
flows  in  a  generally  eastward  and  southeastward  direction,  joining  the 
Kennebec  in  Merrymeeting  Bay.  Its  drainage  basin  presents  the  same 
characteristics  as  those  of  the  Penobsoot  and  Kennebec,  varied  by  the 
fact  that  its  sources  are  in  a  mountain  region  and  at  a  considerable 
elevation.  It  has  the  same  forest-clad,  lacustrine  character.  The  river 
contains  numerous  falls,  many  of  which,  especially  at  Lewiston,  have 
been  greatly  utilized.  The  total  area  drained  measures  3,698  square 
miles,  of  which  three-fourths  lie  in  Maine  and  the  remainder  in  New 
Hampshire.  The  profile  is  from  the  census  report  on  Water  Power, 
1880. 


Locality. 


Mouth,  Merrymeeting  Bay 
Head  of  Rmnf  ord  falls  . . . 

Bethel 

State  line 

Head  of  Berlin  falls 

Head  of  river  proper 

Parmachene  Lake 

Magalloway  Lake 


Distance 

from 

mouth. 


MUet. 
0 
76 
100 
114 
128 
160 
186 
199 


Height 
above 


0 
600 

a20 

690 
1,048 
1,2M 
1,600 
2,225 


Fall  per 
mile. 


Flut. 


8.0 

0.8 

6.0 

26.6 

6.5 

13.2 

48.1 


SAGO  RIVER,    MAINE  AND  NEW  HAMPSHIRE. 

This  stream  heads  in  eastern  New  Hampshire  and  flows  east  and 
southeast  to  its  mouth,  near  Saco  and  Biddeford.  Its  drainage  basm, 
having  an  area  of  1,750  square  miles,  half  of  which  is  in  Maine  and 
half  in  New  Hampshire,  is  quite  similar  in  its  characteristics  to  the 
basins  of  the  other  rivers  of  these  States.  Its  head  is  in  the  southern 
part  of  the  White  Mountains,  and  it  flows  thence  through  the  low 
country  in  Maine. 

The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

Mouth  of  Ossipee  Kiver 

F(X)t  of  Great  falls 

Head  of  Great  falls 

Conway  Center 

Mouth  KUis  River 

West  boundary  of  Bartlett 
Head 


Distance 

from 
mouth. 

Height 

above 

sea. 

JfOe*. 

ItteL 

0 

0 

40 

266 

45 

271 

45 

343 

73 

412 

S3 

511 

92 

745 

104 

1,880 

Fall  per 
mile. 


Fett.     I 


6.7     . 
1.0 


2.5 

9.9 

26.0 

94.6 


GAMNXTT.] 


M£BBIKAG   AND   CONTOOCOOK   RIVERS. 
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MERRIMAG   RIYIOL 

litde  stream,  which  probably  turns  more  spindles  than  any 
other  stream  of  the  United  States,  heads  in  the  central  part  of  New 
Hampshire,  and  flows  in  a  direction  a  little  east  of  south  into  north- 
eastern Massachusetts,  which  it  traverses  in  a  northeast  course  to 
its  mouth,  at  Newburyport.  .  Its  drainage  basin  is  4,864  square  miles. 
The  upper  portion  is  a  forest-clad,  lacustrine  region,  but  it  soon  enters 
a  country  which  is  densely  settled  and  has  been  largely  cleared  of 
forests.  Everywhere,  however,  it  abounds  in  lakes  and  ponds.  Its 
profile  shows  the  irregularities  which  are  so  characteristic  of  the 
streams  of  New  England,  consisting  of  a  succession  of  still  reaches 
alternating  with  falls  and  rapids. 
The  profile  is  from  the  census  report  on  Water  Power,  1880. 


LocaUty. 


Month 

MitcheUfeUfl 

Foot  of  locks  at  Lawrence 

Top  of  Lawrence  dam 

Foot  of  Hunt  falls 

Head  of  Hunt  falls 

Top  of  Pawtucket  dam,  Lowell 

State  line 

Mouth  of  Nashua  River 

Foot  of  Cromwell  falls 

Footof  Goff  falls 

Head  of  Goff  falls 

Manchester,  below  falls 

Top  of  Manchester  dam 

Hooksett,  below  falls 

Hooksett,  top  of  dam 

Foot  of  Garvin  falls 

Head  of  Garvin  falls 

Footof  Sewell  falls 

HeadofSewall  falls 

Mouth  of  Contoocook  River. . . 
Franklin,  head  of  river 


Distance 

from 

mouth. 


Milet. 
0 

22 

27 

28 

37 

38 

40 

49 

63 

57 

64 

65 

68 

69 

78 

79 

83 

83 

93 

95 

96 

110 


Height 
aboTe 


0 

0 

10 

39 

42 

53 

87 

90 

93 

93 

112 

117 

126 

178 

181 

197 

199 

227 

229 

248 

249 

269 


Fall  per 
mile. 


2.0 

29.0 

0.3 

11.0 

17.0 

0.3 

0.8 

0.0 

2.7 

5.0 

3.0 

52.0 

0.3 

16.0 

0.5 

28.0 

0.2 

9.5 

1.0 

1.4 


CONTOOCOOK  RIVEB, 


This  is  a  branch  of  Merrimac  River  in  New  Hampshire.  It  heads 
in  the  southwestern  part  of  the  State,  near  the  Massachusetts  line,  and 
flows  northeastward  to  its  connection  with  the  parent  stream.  It  has 
a  rapid  fall,  supplying  many  water  powers. 
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The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

Just  above  Contoocook 

Just  below  Henniker 

Foot  of  Long  fall 

Head  of  Long  fall 

Foot  of  falls  at  Hillsboro  bridge . 
Head  of  falls  at  Hillsboro  bridge 

Foot  of  falls  at  Bennington 

Head  of  falls  at  Bennington 

Foot  of  falls  at  North  Peterboro . 
Head  of  falls  at  North  Peterboro 

Foot  of  falls  at  Peterboro 

Head  of  falls  at  Peterboro 

Hillsboro  county  line 

Three  Ponds,  in  Rindge 


Distance 

from 
mouth. 


MOet. 
0 
11 
21 
22 
24 
27 
27 
36 
37 
44 
44 
46 
46 
60 
55 


Height 
above 


Fall  per 
mile. 


OONNECTIOUT  BIVEB. 

Connecticut  River  heads  near  the  boundary  line  between  the  State 
of  Vermont  and  Canada  in  a  series  of  small  lakes  at  an  altitude  exceed- 
ing 2,000  feet,  flows  thence  in  a  southerly  course,  forming  the  boundar}^ 
between  Vermont  and  New  Hampshire,  and  thence  across  Massachu- 
setts and  Connecticut  to  its  mouth  in  Long  Island  Sound.  Its  total 
length  is  nearly  400  miles,  and  its  fall  in  that  distance  somewhat  more 
than  3,000  feet,  being  an  average  of  about  5  feet  per  mile.  It  is  tidal  to 
Hartford,  50  miles  above  its  mouth.  The  area  of  its  basin  includes  11,269 
square  miles.  The  upper  part  of  this  is  forest  clad,  but  lower  down,  and 
especially  throughout  Massachusetts  and  Connecticut,  the  forests  have 
been  largely  cleared  away  for  settlement.  Throughout  it  is  in  a  lacus- 
trine region.  From  its  head  as  far  as  central  Massachusetts  it  has  a 
narrow  valley,  but  in  southern  Massachusetts  and  northern  Connecti- 
cut the  valley  expands  broadly,  owing  to  the  fact  that  it  is  here  com- 
posed of  Triassic  sandstones,  which  are  much  softer  than  the  Archean 
rocks  in  which  its  course  lay  above.  Below  Holyoke  its  course  is 
crossed  by  a  dike  of  trap  which  has  retarded  its  work  of  eroding  its 
bed,  forming  a  partial  dam,  behind  which  the  river  becomes  very  gentle, 
sluggish,  and  winding,  developing  a  broad  course  in  its  bottom  land. 


GANMSIT.] 
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One  of  its  curves  is  known  as  the  Oxbow,  which  has  been  cut  off,  and 
has  become  a  crescent-shaped  lake,  similar  to  those  so  common  in  the 
valley  of  the  Lower  Mississippi. 
The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Month 

Hartford 

Foot  of  Enfield  rapids 

Top  of  Enfield  dam 

Top  of  Holyoke  dam 

Fitchbuig  R.  R.  crossing 

Top  of  Turners  Falls  dam 

Mouth  of  Ashuelot  River 

Westmoreland 

Foot  of  Bellows  falls 

Head  of  Bellows  faUs 

Beaver  Meadows,  Gharleetown 

Windsor 

White  River  Junction 

Ledyard  bridge,  Hanover 

Oxford 

Wells  River 

Foot  of  Mclndoes  falls 

Lower  Waterf ord 

Head  ol  Fifteen-mile  fiills 

North  Stratford 

West  Stewartstown 

Connecticut  Lake 

Second  Lake 

Third  Lake 


Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Miies. 

Feet. 

Feet. 

0 

0 

50 

0 

60 

6 

0.6 

66 

38 

5.3 

84 

98 

,  3.3 

115 

109 

0.35 

120 

173 

12.8 

136 

206 

2.1 

159 

219 

0.6 

170 

234 

L4 

170 

283 

181 

289 

0.5 

196 

304 

1.0 

209 

339 

2.7 

213 

375 

9.0 

230 

380 

0.3 

255 

407 

1.1 

262 

432 

3.6 

273 

643 

19.2 

285 

830 

15.6 

312 

885 

2.0 

344 

1,035 

4.7 

361 

1,G18 

34.3 

369 

1,882 

15.5 

375 

2,038 

26.0 

HOU8ATONI0  RIVER. 

This  important  stream  heads  in  western  Massachusetts,  flows  south- 
erly down  into  Connecticut,  and  then  turns  to  the  southeast,  emptying 
into  Long  Island  Sound  near  Bridgeport.  It  has  a  drainage  basin  of 
1,983  square  miles.  In  its  upper  course  it  flows  through  a  hilly  coun- 
try, partially  cleared,  the  hills  gradually  becoming  smaller  and  the 
proportion  of  woodland  less  as  the  stream  is  traced  southward. 
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The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Moutb  

Mouth  of  Shepaug  River 

Two  miles  above  Cornwall  bridge 

Falls  village 

Ashley  Falls,  Mass 

Pittsfield 


Difltanoe 

from 
mouth. 


Miles. 
0 
30 
64 
73 
82 
123 


Height 
above 


FbeL 
0 
105 
457 
622 
705 
983 


Flail  per 
mile. 


FeeL 


3.5 

10.2 

19.4 

9.2 

4.3 


HUDSON  RIVER. 

This  river  heads  in  Lake  Tear  of  the  Clouds,  in  the  heart  of  the 
Adirondacks,  at  a  great  altitude,  and  comes  down  the  south  slope  of 
that  mountain  group  with  a  steep  descent,  flowing  through  many  ponds 
and  over  many  cataracts  and  waterfalls  in  its  course.  The  profile 
rapidly  flattens  as  the  river  leaves  the  mountains,  but  in  the  neighbor- 
hood of  Glens  Falls,  near  its  junction  with  the  Mohawk,  it  makes  a 
series  of  abrupt  drops,  due  to  parsing  over  hard  rock  beds,  which  fur- 
nish valuable  water  power.  It  reaches  tide  at  Troy,  150  miles  from 
its  mouth. 

Its  drainage  area,  including' Mohawk  River,  is  13,366  square  miles. 

The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

Troy 

Crest  of  Saratoga  dam 

Fort  Edward  R.  R.  bridge 

Crest  of  Glens  Falls  feeder  dam 

Mouth  of  Secondaga  River 

Mouth  of  Stony  Creek 

Mouth  of  Schroon  River 

The  Glen 

Mouth  of  Mill  Creek 

Mouth  of  North  Creek 

North  of  River  village 

Mouth  of  Boreas  River 

Mouth  of  Indian  River 

Mouth  of  Cedar  River 

Lake  Tear  of  the  Clouds 


Distance 

from 
mouth. 

Height 
above 

lUlper 
mile. 

Miles. 

FM. 

JFfuL 

0 

0 

160 

5 

0.03 

180 

102 

3.2 

190 

118 

1.6 

197 

284 

23.7 

216 

536 

13.3 

222 

671 

5.8 

228 

594 

3.8 

236 

720 

15.7 

240 

817 

24.2 

248 

981 

20.5 

253 

1,041 

12.0 

267 

1,134 

23.3 

265 

1,403 

33.6 

266 

1,454 

51.0 

300 

4,322 

84.4 

GANNBTT.] 
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MOHAWK  RIYER. 

This,  the  main  western  branch  of  Hudson  River,  flows  eastward 
through  a  broad  depression  between  the  Adirondacks  and  the  Helder- 
berg  Plateau.  The  irregularities  of  its  profile  are  due  mainly  to  its 
flowing  over  the  edges  of  hard  rock  beds.  Its  principal  fall  is  that  at 
Cohoes,  near  its  mouth. 

The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

Lower  aqueduct  (fall  nearly  all  at  Cohoee) 

Schenectady 

Mouth  of  Schoharie  Creek 

Three  miles  east  of  Utica 

Four  miles  east  of  Rome 

Bome,  above  feeder  dam 


Distance 

from 
mouth. 


Milea. 

0 

4 

19 

42 

96 

112 

115 


Height 

above 

sea. 


Feet. 
12 
162 
214 
270 
393 
418 
431 


Fall  per 
mile. 


Feet. 


37.5 
3.5 
2.4 
2.3 
1.5 
4.3 


PASSAIC  BIVEK. 


[From  the  cemuis  report  on  Water  Power,  1880.] 


Locality. 


Mouth 

Passaic 

Dundee  dam,  crest 

Paterson,  below  taUa. . . 
Paterson  dam,  crest. . . . 

Little  falls,  dam 

Lower  Chatham  bridge 
Near  MadisonTille 


Distance 

from 
mouth.     . 

Height 

above 

sea. 

Fall  per 
mile. 

Miles. 

Feet. 

Feet. 

0 

0 

29 

0 

30 

22 

22.0 

41 

39 

L5 

42 

115 

76.0 

47 

162 

9.4 

69 

168 

0.3 

86 

240 

4.2 

DELAWARE   RIYER. 

This  river  heads  in  the  western  slopes  of  the  Catskill  Mountains  and 
in  the  plateaus  north  of  them,  flows  in  a  course  alternating  between 
southwest  and  southeast,  but  generally  southeast,  to  its  mouth,  in  Dela- 
ware Bay,  reaching  tide  at  Trenton.  Throughout  most  of  its  course 
it  forms  the  boundary  line  between  Pennsylvania,  on  the  west,  and 
New  York  or  New  Jersey,  on  the  east.     The  length  of  the  stream, 
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following  its  windings  from  its  source  to  Trenton,  is  about  280  miles, 
and  its  average  fall  about  6.7  feet  per  mile.  Its  drainage  area,  includ- 
ing all  its  branches,  is  12,012  square  miles. 

The  first  part  of  its  course  is  down  the  declivities  of  the  CatskUl 
Mountains.  Shortly  thereafter  it  enters  the  faulted  and  folded  region 
of  the  Appalachian  Valley,  flowing  alternately  with  the  ridges  and 
across  them.  At  Delaware  Water  Gtip  it  passes  the  Kittatinny  Bange. 
At  Trenton,  where  it  crosses  the  Fall  Line  and  meets  tide,  there  is  a 
fall  of  nearly  8  feet,  which  furnishes  a  valuable  water  power. 

The  profile  is  mainly  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Trenton,  below  falls 

Yardley 

Bulllsland 

Easton 

Belvidere 

Delaware  Water  Grap 

Four  miles  above  Port  Jervis 

Lackawaxen 

Deposit 

Head 


Distance 

from 
Trenton. 

Height 

above 

sea. 

Miles. 

/M. 

0 

0 

3 

8 

26 

74 

54 

159 

68 

235 

81 

301 

127 

450 

146 

600 

212 

984 

280 

1,886 

Fall  per 
mile. 


I'M. 


2.7 
2.9 
3.0 
5.4 
5.1 
3.2 
7.9 
5.8 
13.3 


LEHIGH  RIVER. 


[From  the  censos  report  on  Water  Power,  1880.] 


Locality. 


Mouth 

Bethlehem 

Slatington 

Lehighton 

Mauch  Chunk,  below  dam 

Near  White  Haven 

Stoddartsville 


Distance 

from 
mouth. 

Height 

above 

sea. 

MUea. 

Fed, 

0 

159 

12 

205 

33 

350 

42 

450 

46 

504 

54 

690 

70 

1,105 

83 

1,457 

Fall  per 
mile. 


3.8 
6.9 
11.1 
13.5 
23.2 
25.9 
27.1 


GANNETT.] 
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SCHUYLKILL  BIYEB. 

This  river  heads  in  Schuylkill  County,  in  eastern  Pennsylvania,  and 
flows  southeast  to  its  junction  with  the  Delaware  at  Philadelphia.  In 
its  course  through  Schuylkill  and  Berks  counties  it  traverses  numerous 
water  gaps  through  the  ridges  of  the  Appalachian  Valley.  Its  length 
is  112  miles,  and  its  drainage  basin  about  1,800  square  miles.  The 
average  fall  of  the  river  is  about  5  feet  per  mile. 

The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

Fairmount. 

Pawlings  dam  . . . 

Reading 

Port  Clinton 

Landingville 

Schuylkill  Haven 
Port  Carbon 


Dtstanoe 

from 
mouth. 


MUea, 
0 

8 

30 

70 

92 

100 

105 

112 


Height 

above 

sea. 


Feet, 
0 

0 

67 

205 

390 

472 

509 

619 


Fall  per 
mile. 


Feel. 


3.0 

3.45 

8.4 

10.25 
7.4 

15.7 


SUSQUEHANNA   RIVEE. 

Susquehanna  River  rises  in  two  large  branches  known  as  the  North 
and  West  branches,  the  former  rising  in  southern  New  York  and  the 
latter  in  central  Pennsylvania,  both  branches  heading  in  the  Allegheny 
plateau.  The  drainage  basin  of  the  entire  river  is  27,655  square  miles, 
three-fourths  of  it  being  within  the  State  of  Pennsylvania.  The  length 
of  the  river,  following  up  the  North  Branch,  is  422  miles.  The  North 
Branch  pursues  an  extremely  crooked  course,  flowing  in  a  generally 
southwesterly  course -in  the  State  of  New  York,  changing  in  north- 
eastern Pennsylvania  to  a  southeast  course,  until  it  flows  out  of  the 
plateau  and  into  the  great  Appalachian  Valley.  Then  it  flows  south- 
westward  to  its  junction  with  the  West  Branch  at  Sunbury.  Most  of 
this  part  of  its  course  lies  in  limestone  valleys,  but  in  sevei'al  cases  it 
breaks  through  ridges  from  valley  to  valley,  forming  water  gaps. 

The  West  Branch  heads  in  Cambria  County  and  flows,  at  first,  north- 
ward and  northeastward  and  then  southeastward  until  it  leaves  the 
plateau  and  enters  the  valley.  Then  it  flows  eastward  in  a  limestone 
valley,  at  the  south  foot  of  the  Allegheny  Front,  until  it  reaches  a  point 
north  of  Sunbury,  whence  it  flows  southward  to  its  junction  at  that 
place  with  the  North  Branch,  cutting  several  water  gaps  through  oppos- 
ing ridges  on  its  way. 

IRE  44—01 2 
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From  Sunbury  to  Harrisburg  the  main  Susquehanna  flows  nearly 
south  across  the  trend  of  the  ridges  and  valleys.  In  this  part  of  its 
course  the  river  cuts  five  fine  water  gaps.  Through  each  of  these  the 
stream  runs  with  accelerated  velocity,  while  in  the  intervening  lime- 
stone valleys  it  has  a  leisurely  flow.  From  Harrisburg  the  river  flows 
southeast  to  the  head  of  Chesapeake  Bay,  most  of  the  way  through  a 
rolling,  highly  cultivated  country. 

Between  Sunbury  and  Harrisburg  the  profile  is  slightly  convex, 
showing  the  effect  in  retarding  the  progress  of  the  river's  erosion  of 
the  hard  ridges  which  it  crosses. 

The  profile  is  from  the  census  report  on  Water  Power,  1880. 


Locality. 


Mouth 

State  line 

Mouth  of  Fishing  Creek 

Foot  of  Columbia  dam 

Creet  of  Columbia  dam 

Foot  Conewago  falls 

Above  Conewago  falls 

Harrisburg 

Rockville 

Clark  ferry  dam«  foot 

Clark  ferry  dam,  creet 

Liverpool 

Selinggrove 

Sunbury  dam,  foot 

Sunbury  dam,  crest 

Nanticoke  dam,  foot 

Nanticoke  dam,  creet 

Wilkesbarre 

Mouth  of  lAckawanna  River  . 
Mouth  of  Tunkhannock  Creek 
Mouth  of  Meehoopany  Creek. 
Mouth  of  Wyalusing  Creek . . . 

Mouth  of  Wysox  Creek 

Towanda 

Athens 

Otsego  I^ake 


Distance 

from 
mouth. 


MiUx. 

0 

12 

20 

43 

43 

57 

69 

69 

75 

84 

84 

99 

116 

122 

122 

174 

174 

183 

190 

211 

223 

244 

258 

262 

278 

422 


Height 
aboYe 


Feet. 
0 
69 
100 
224 
231 
254 
273 
298 
305 
336 
343 
378 
421 
422 
429 
509 
515 
521 
536 
581 
604 
646 
687 
700 
744 

1,193 


Fall  per 
mile. 


Peel. 


5.8 
3.9 
5.4 


1.6 

9.5 

2.5 

1.16 

3.4 


2.3 
2.5 
0.2 


1.5 


0.66 

2.14 

2.14 

1.9 

2.0 

2.9 

3.2 

2.7 

3.1 

GAirNSTT.] 


6USQUEHAKNA   AND  JUNIATA   BIVEBS. 
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WEST  BRANCH  OF  SUSQUEHANNA   RIYEB. 


Locality. 


Mouth 

Lewiflbuiig  dam,  foot  . . . 
Lewifibnig  dam,  crest. . . 

Mmicy  dam,  foot 

Muncy  dam,  crest 

Williamsport  dam,  foot. 
Williamsport  dam,  crest 
Lockhaven  dam,  foot. . . 
Lockhaven  dam,  crests . 
Queens  Run  dam,  foot. . 
Queens  Run  dam,  crest . 

Keating 

Curwinsville 


Distance 

from 
mouth. 


Miles. 

0 

7 

7 

23 

23 

39 

39 

65 

65 

69 

69 

105 

160 


Height 

above 

sea. 


FeeL 
429 
431 
434 
462 
469 
498 
508 
539 
550 
551 
557 
695 

1,117 


Fall  per 
mile. 


Fret. 


1.75 


1.8 


1.2 
0.25 


3.8 

7.7 


JUNIATA  RIVER. 

This  is  a  large  western  branch  of  Susquehanna  River,  which  heads 
in  the  Appalachian  Valley,  under  the  Allegheny  Front,  and  flows  with 
a  generally  eastward,  but  an  extremely  crooked,  course  to  its  mouth,  a 
few  miles  above  HarrisbuVg.  Its  course  is  throughout  an  alternation 
of  gentle  stretches  in  limestone  valleys  and  of  rapid  courses  through 
-water  gaps.     Its  drainage  basin  comprises  3,223  square  miles. 

The  profile  is  from  the  census  report  on  Water  Power. 


Locality. 


Mouth 

Millerstown  dam,  foot 

Millerstown  dam,  crest 

Lewistown  dam,  foot 

Lewistown  dam,  crest 

Newton  Hamilton  dam,  foot . 
Newton  Hamilton  dam,  crest 

Huntington  dam,  foot 

Huntington  dam,  crest 


Distance 

from 
mouth. 


Maes. 
0 
16 
16 
44 
44 
6S 
68 
90 
90 


Height 

above 

Bea. 


Feet. 
336 
380 
388 
442 
450 
512 
520 
610 
622 


1^11  per 
mile. 


FeeL 

2.7 

1.9 

2.6 

4.1 
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POTOMAC  RIVEB. 


This  river  heads  in  several  long  branches  in  the  Appalachian  Valley, 
in  Virginia,  and  in  the  edge  of  the  Allegheny  Plateau.  The  North 
and  South  branches  of  the  Potomac  and  the  Shenandoah  Kiver  flow  in 
lines  that  are  parallel  to  one  another,  with  a  course  somewhat  east  of 
north,  for  long  stretches  through  limestone  valleys.  The  North 
Branch,  which  is  the  uppermost  of  the  head  streams,  turns  eastward  at 
Cumberland  and,  thence  known  as  the  Potonaac,  flows  in  a  generally 
southeasterly  course  as  far  as  Washington,  where  it  reaches  tide  level, 
being  joined  on  the  way  by  the  South  Branch  of  the  Potomac  at  Pied- 
mont and  by  the  Shenandoah  River  at  Harpers  Ferry.  In  the  upper 
part  of  its  course  it  crosses  a  number  of  ridges  in  water  gaps,  and  at 
Harpers  Ferry  crosses  the  Blue  Bidge,  cutting  a  gap  nearly  1,000  feet 
in  depth. 

The  obstruction  produced  by  the  rocks  of  the  Blue  Ridge  at  Harpers 
Ferry  has  retarded  the  stream  to  such  an  extent  that  above  this  point 
both  the  main  river  and  its  branch,  the  Shenandoah,  have  been  locally 
graded  for  a  long  distance  upstream,  giving  them  gentle  and  very 
crooked  courses.  The  drainage  basin  of  the  Potomac  River  is  14,479 
square  miles,  including  the  Shenandoah,  which  has  an  area  of  2,850 
square  miles. 

The  following  profiles  of  the  Potomac,  its  South  Branch,  and  the 
Shenandoah  with  its  North  Fork,  are  from  the  atlas  sheets  of  the 
United  States  Geological  Survey: 


LocaUty. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MOea, 

FsO. 

FbcL 

Mouth,  Point  Lookout 

0 

0 

Chain  bridge,  above  Georgetown,  D.  C 

115 

20 

0.2 

Head  of  Little  falls 

116 
121 

125 
141 

40 

60 

150 

200 

20.0 
4.0 

22.5 
3.1 

Foot  of  Great  falls 

Head  of  Great  falls 

Harpers  Ferry 

172 

250 

1.6 

179 

300 

7.1 

Hancock 

220 
244 

400 
500 

2.4 
4.2 

Ciimbf^rlAnd 

290 
310 

600 
700 

2.2 
6.0 

316 

800 

16.7 

320 

900 

25.0 

324 

1,000 

25.0 

330 

1,200 

33.3 

v 
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Locality. 


Oomberland 


Wilson 


Distance 

from 
mouth. 


MUa. 
334 
338 
342 
346 
358 


Height 
above 


FteL 

1,400 

1,600 

1,800 

2,000 

2,600 


SOUTH  BRANCH  OF  POTOMAC. 


Fall  per 
mile. 


Fed, 

50.0 

50.0 

50.0 

50.0 

41.7 


Locality. 


Mouth,  near  Green  Spring. . 

Romney 

Moorefield 

South  Fork  of  South  Branch 


Distance 

from 
month. 


MUeB. 
0 
15 
27 
52 
65 
76 
87 
103 


Height 
above 


Feet. 

545 

600 

700 

800 

1,000 

1,200 

1,500 

2,000 


Fall  per 
mile. 


Fed. 

3.7 
8.3 
4.0 
15.4 
18.2 
27.3 
31.3 


SHENANDOAH  RIVER. 


Locality. 

Distance 

from 
month. 

Height 

above 

sea. 

Fall  per 
mile. 

1 

MUes. 

Fed. 

Fed. 

Mouth,  HarD€fTB  Fprry 

0 

250 

10 

300 

5.0 

• 

39 

400 

3.4 

Riverton 

58 
68 

465 
500 

3.4 
3.5 

Overall 

82 
94 

600 
700 

7.1 
8.3 

115 

800 

4.8 

133 

900 

5.5 

1 

147 

1,000 

7.1 

170 

1,200 

8.7 

200 

1,500 

10.0 
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NOBTH  FORK  OF  SHENANDOAH  RIVEB. 


Locality. 

Distance 

from 

mouth  of 

Shenandoah 

River. 

Height 

ahove 

sea. 

Eallper 
mile. 

Riverton  ...*. •. 

• 

MOes. 

58 

63 

73 

83 

98 

124 

135 

147 

FseL 
465 
500 
600 
700 
800 
900 
1,000 
1,200 

7.0 

10.0 

10.0 

6.7 

3.8 

9.1 

16.7 

JAMES  RIVER. 

This  tributary  to  Chesapeake  Bay  heads  in  the  Allegheny  Front,  in 
West  Virginia,  and  flows  in  a  genei'ally  eastward  course  across  the 
Appalachian  Valley,  cutting  across  its  ridges  and  finally  the  Blue  Bidge. 
In  its  course  across  the  valley  and  through  the  Piedmont  region  it  has 
many  rapids.  At  Richmond  it  crosses  the  Fall  Line  with  an  abrupt 
descent  of  84  feet  and  just  below  that  city  reaches  tide  and  the  head 
of  navigation.  From  this  point  to  its  mouth,  111  miles,  it  is  a  tidal 
estuary.  Its  drainage  basin,  including  that  of  its  main  branch,  Appo- 
mattox River,  comprises  9,684  square  miles. 

Appomattox  River  heads  in  the  Piedmont  region,  flows  eastward 
and  joins  James  River  just  below  Petersburg,  at  which  point  it  crosses 
the  fall  line. 

The  profile  of  James  River  is  from  the  levels  of  the  Engineer  Corps, 
U.  S.  A.,  and  that  of  the  Appomattox  from  the  atlas  sheets  of  the 
United  States  Geological  Survey. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

8ea, 

Ftillper 
mile. 

Mouth 

MUea. 
0 
111 
114 
122 
140 
220 
246 

Fed. 

0 

0 

S4 

124 

143 

375 

463 

FM. 

28.0 
5.0 
1.1 
2.9. 
8.4 

Richmond 

Gnuit  dam 

■Rnflbei"  dfl-m 

Maiden's  AdventriT^  dam  . . 

TV<^  Riv^'"  dftTTi 

iTAflhiift  Fulls  dam ... 

oAmtBiT.]        JAMES,  APPOMATTOX,   AND   BOANOKE   BIVEBS. 
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Locality. 


Distance 

from 

mouth. 


L3mchbuig  waterworks  dam 

Judith  dam 

Bald  Eagle  dam 

Pedlar  dam ... 

OolemaQ  Falls  dam 

Big  Island  dam 

Oushaw  dam 

Blue  Ridge  dam 

Quarry  Falls  dam 

Vamey  Falls  dam 

Indian  Rock  dam 

Wasp  Rock  dam 

Junction  Jackson  and  Oowpesture  rivers. 


MUet. 
260 
263 
268 
271 
274 
278 
282 
287 
290 
297 
301 
305 
325 


Height 
above 


Fed. 
513 
540 
558 
572 
588 
606 
649 
706 
720 
769 
786 
812 

1,014 


Fall  per 
mile. 


Feet. 
3.6 
9.0 
3.6 
4.7 
5.3 
4.5 

10.8 

11.4 
4.7 
5.6 
6.8 
6.5 

10.1 


APPOMATTOX  RIVEK. 


Locality. 


Mouth 

Giles  mill 

Near  Farm  ville 

Head  near  Appomattox 


Distance 

from 
mouth. 


MUe», 

0 

17 

59 

98 

110 

130 


Height 

above 

sea. 


Feet. 
0 
100 
200 
300 
400 
800 


Fall  per 
mile. 


Feet. 


5.8 
2.4 
2.6 
8.3 
20.0 


BOANOKS  RIVER. 

The  source  of  this  river  is  in  the  Appalachian  Valley,  in  southwest 
Virginia;  thence  it  flows  southeastward  to  the  head  of  Albemarle 
Sound.  It  is  navigable  to  Weldon,  above  which  place  it  crosses  the 
Fall  Line.  Its  principal  branch,  Dan  River,  which  heads  in  the 
mountains  of  western  North  Carolina,  exhibits  similar  peculiarities. 

The  drainage  basin  of  Roanoke  River,  including  that  of  the  Dan,  is 
9,237  square  miles. 

The  profile  of  the  Roanoke  as  far  up  as  Brookneal  and  that  of  the 
Dan  are  from  levels  by  the  Engineer  Corps,  U.  S.  A.  The  upper 
portion  of  the  Roanoke  is  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 
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Locality. 


Mouth 

Weldon 

Gaston 

Stone  House  Creek . . 

Great  Creek 

Allen  Creek 

East  Lynne  Creek 

Clarksville,  Va 

Roanoke  landing 

Wallace  Creek 

Old  landing 

Edmunds  landing 

Coles  ferry  landing 

Brookneal 

Head  Long  Island 

Wards  Toad  ferry 

Folers  ferry,  mouth  of  Pig  River 

Radford  ford 

Lynville  ford - 

Salem 


DiBtance 

from 
mouth. 


Miles. 
0 
129 
132 
148 
160 
172 
182 
196 
217 
223 
229 
233 
239 
249 
261 
276 
302 
317 
330 
341 
360 
365 
370 
379 
386 
388 


Height 
above 


Fea. 

0 

39 

143 

181 

194 

212 

233 

289 

319 

328 

337 

341 

350 

368 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 


Fall  per 
mile. 


FeeL 


0.3 
34.6 
2.4 
1.1 
1.5 
2.1 
4.0 
1.4 
1.5 
1.5 
1.0 
1.5 
1.8 
2.7 
6.7 
3.8 


.*  ..    I 


6.7 

I.    t 

9.1 
5.3 
20.0 
•20.0 
11.1 
14.3 
50.0 


DAN  RIVER. 


Locality. 


Mouth 

Danville  canal 

Wilson  upper  ferry 

Daniels  ferry 

Leaksville 

Eagle  falls 

Madison  bridge  . . . 
Ladds  ford 

Danbury  


Distance 

from 
mouth. 


Miles, 

0 

60 

67 

78 

91 

99 

110 

119 

128 

138 


Height 
above 


Feel. 
289 
397 
431 
462 
492 
510 
538 
568 
618 
688 


Fall  per 
mile. 


/W. 


1.8 
4.9 
2.8 
2.3 
2.3 
2.5 
3.3 
5.6 
7.0 


GANNETT.] 


GAPE   FEAB   AND   GBEAT   PEDBE   BIVEKS. 
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CAPE   FEAR  BIVEB. 

This  river  heads  in  the  upper  part  of  the  Piedmont  region  and  flows 
southeast  to  its  mouth  at  Wilmington.  It  crosses  the  Fall  Line  above 
Fayette  ville. 

Its  drainage  basin  comprises  8,310  square  miles. 

The  profile  is  from  the  report  on  Water  Power  of  the  Tenth  Census. 


Locality. 


Wilmington 

Fayetteville 

Smiley  £alls,  foot 

Smiley  falls,  head 

Junction  Haw  and  Deep  rivers 


Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUes. 

FeeL 

Fset. 

0 

0 

112 

7 

.06 

139 

42 

1.3 

143 

69 

6.75 

172 

130 

2.1 

QBEAT  PEDEE   RTVEB. 

This  river,  following  up  the  Yadkin,  heads  in  the  Blue  Ridge,  in  the 
northern  part  of  North  Carolina,  and  flows  southeastwardly  to  its 
mouth,  near  Georgetown,  South  Carolina,  its  course  being  throughout 
in  the  Piedmont  region  and  the  Atlantic  Coastal  Plain.  It  exhibits 
many  irregularities,  due  to  recent  tilting  of  the  region  through  which 
it  flows.     It  crosses  the  Fall  Line  above  Cheraw. 

Its  drainage  basin  is  17,098  square  miles. 

The  profile  is  from  the  levels  of  the  Engineer  Corps,  U.  S.  A.,  as  far 
as  Wilkesboro;  above  that  point  it  has  been  derived  from  the  atlas 
sheets  of  the  United  States  Geological  Survey. 


Locality. 


Mouth 

Cheraw 

Foot  of  Bluitt  fallfe 

Allentown  ferry 

Christian  ferry 

Month  Uwharrie  River 

Head  oif  Narrows 

Stokes  ferry 

Bringle  ferry 

Crossing  Southern  R.  R 

Mouth  of  South  Yadkin  River 

Dutchman  Maud 

Oakes  ferry 


Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Miles. 

FM. 

Feet, 

0 

0 

149 

65 

0.4 

170 

145 

3.8 

199 

201 

1.9 

208 

209 

0.9 

212 

239 

7.5 

214 

259 

10.0 

227 

505 

18.9 

237 

557 

5.2 

259 

661 

4.7 

263 

667 

1.5 

272 

680 

1.4 

281 

1 

694 

1.6 
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Locality. 


Bailey  ferry 

Hall  ferry 

Jones  mill 

Sycamore  ford 

Bockf ord 

Hurt  ledge 

Say  lee  ford 

Mouth  of  Roaring  River 
Wilkeeboro 

Patterson 


Distance 

from 
moatb. 


Milet. 
291 
297 
309 
325 
341 
351 
362 
371 
382 
385 
391 
408 
410 


Height 
above 


Fallper 
mile. 


Feet. 

711 

726 

752 

790 

866 

908 

931 

958 

992 

1,000 

1,100 

1,200 

1,250 


FeeL 
1.7 
2.5 
2.2 
2.4 
4.8 
4.2 
2.1 
3.0 
3.1 
2.7 

16.7 
8.3 
7.1 


SANTEE   RIVER. 

This  river  heads  in  the  eastern  slope  of  the  Blue  Ridge  in  several 
branches,  converging  in  the  Catawba,  Saluda,  and  Broad  rivers,  which 
flow  south  westward  across  the  Piedmont  region  and  the  Atlantic 
Coastal  Plain  to  its  mouth,  near  Cape  Romain.  Its  drainage  basin  is 
14,696  square  miles. 

.  The  profiles  of  this  river  and  its  branches  are  from  the  levels  of  the 
Engineer  Coit[)s,  U.  S.  A. 


Locality, 


Mouth 

Junction  of  AVateree  and  Congaree  rivers 

Head  of  Wateree  River 

Foot  of  Gaydon  falls 

Crossing  C.  C.  and  A.  R.  R 

State  Line 

Crossing  A.  and  C.  R.  R 

Crossing  C.  C.  R.  R 

Crossing  W.  N.  C.  R.  R 

Crossing  Chester  and  Lenoir  R.  R 

Moore  shoal 

Morganton 

Old  Fort 

Crossing  of  Southern  R.  R 

Head,  in  Swannanoa  gap 


Distance 

from 
mouth. 

Height 

above 

sea. 

fUlper 
mile. 

Miles. 

FotL 

IM, 

0 

0 

-  .^ 

208 

80 

0.4 

268 

160 

1.3 

275 

226 

9.4 

308 

461 

7.1 

323 

485 

1.6 

328 

508 

4.6 

333 

522 

2.8 

370 

730 

5.6 

398 

884 

5.5 

403 

908 

4.8 

413 

1,010 

10.2 

463 

1,274 

5.3 

473 

2,050 

77.6 

479 

2,658 

101.3 

1 

OAMNBTT.] 
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GONGAREE  RIVER. 


Ix)cality. 

Difitance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Jonction  with  Wateree  River 

Miles. 
0 
60 

FeeL 
80 
136 

FeeL 
1.0 

Head,  Columbia 

SALUDA  RIVER. 


Locality. 


Month 

OoBBmg  of  G.  4&  C.  B.  B  . 

CroflBiiig  of  Southern  B.  B 


Distance 

from 
mouth. 


MUes. 

0 

60 

125 

135 


Height 
above 

aCthm 


FeeL 
136 
383 
749 
809 


BROAD  RIVER. 


Locality. 


Mouth 

Ninety-nine  Islands 

Summers  shoal,  foot 

Lyle  shoal,  foot 

Neal  shoal,  foot 

Foot  of  the  gravel 

Foot  of  Ninety-nine  Islands 
Head  of  Cherokee  shoal ... 

Crossing  Southern  B.  B 

Green  Biver 


Fall  per 
mile. 


Feet. 


4.1 
5.6 
6.0 


DiBtance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Miles. 

Feet. 

Feel. 

0 

136 

12 

176 

3.3 

26 

229 

3.7 

41 

270 

2.7 

59 

322 

2.9 

68 

340 

2.0 

94 

426 

3.3 

101 

530 

14.8 

105 

542 

3.0 

141 

759 

6.0 

SAVANNAH   RIVER. 

This  river  heads  in  the  eastern  slope  of  the  Blue  Ridge  and  flows 
southeast  to  its  mouth  at  Savannah.  It  crosses  the  Fall  Line  just  above 
Augusta,  where  is  afforded  a  fine  water  power,  which  is  utilized  to  a 
Jarge  extent,  making  Augusta  the  chief  cotton-manufacturing  point  in 
the  South. 

The  drainage  basin  of  the  river  is  11,402  square  miles. 
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The  profile  is  from  levels  by  the  Engineer  Corps,  U.  S.  A, 


r 


Locality. 


Savannah 

Ooesing  of  C.  &  S.  R.  R 

Puryaburg 

Ebene25er  landing 

Sisters  ferry 

Parachuchla 

Monkey  point 

Haga  Slaga  point 

Cohens  bluff 

Burton  ferry  landing  . . . 

Brown  landing 

Rattlesnake  camp 

Blue  bluff 

Demerief  ferry 

Eagle  i>oint 

Hill  landing 

Mason  landing 

Augusta 

Little  River  shoals 

Point  Lookout  shoals . . . 
Petersburg,  Ga 

Head  Hell  sluices 

Moseley  ferry 

Harper  ferry 

Dooley  ferry 

Anderson  ville 


Distance 

from 
mouth. 

Height 

above 

sea. 

MUea. 

fbeL 

0 

0 

14 

4 

23 

6 

34 

14 

47 

20 

55 

24 

70 

31 

91 

44 

101 

51 

116 

60 

130 

69 

141 

77 

150 

80 

161 

87 

170 

92 

180 

98 

191 

103 

203 

110 

225 

203 

235 

256 

259 

289 

265 

306 

272 

380 

278 

405 

284 

422 

30& 

541 

314 

577 

Fall  per 
mile. 


as 

0.25 
p.  7 
0.5 
0.5 
0.5 
0.6 
0.7 
0.6 
0.6 
0.7 
0.3 
0.6 
0.6 
0.6 
0.5 
0.6 
4.2 
5.3 
1.4 
2.8 
10.6 
4.2 
2.8 
5.4 
4.5 


GANNETT.] 


SOUTHEBN  STBEAHS. 


29 


OCOKEE  BIVER. 

This  is  one  of  the  main  branches  of  the  Altamaha  River  in  Geor^a. 
It  beads  on  the  eastern  slope  of  the  Blue  Ridge  and  flows  nearly  south- 
east to  its  junction  with  the  Altamaha.  Its  profile  is  remarkably 
smooth,  with  little  variation  from  a  normal  one.  It  is  from  levels  by 
the  Corps  of  Engineers,  U.  S.  A. 


Locality. 


Moath 

Chaney  ferry 

McArthur  landing 

Adams  landing 

Savannah,  Americus  and  Montgomery  R.  R. 

croesing 

Adams  landing 

Odam  landing 

Dixon  landing ' 

Walton  landing 

Davis  landing 

Branch  landing 

Cooper  landing 

Walton  landing 

Pritchett  landing 

Clark  landing 

Dublin 

Blackshears  ferry 

Kittrell  landing 

Thompson  ferry 

Ball  ferry 

Central  R.  R.  bridge 

Spring  Lake 

Whitaker  Island 

Tucker  ferry 

Milledgeville 

Georgia  R.  R.  bridge 

Crossing  Geoigia  R.  R 

Crossing  N.  E.  R.  R.  near  Athena 

Crossing  N.  E.  R.  R.  near  Lula 


Dintance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Milea. 

Feel. 

FeeL 

0 

1 

83 

••••sv^« 

6 

88 

0.8 

15 

1 

99 

1.2 

26 

109 

1.0 

30 

114 

1.0 

37 

121 

1.0 

39 

123 

1.0 

46 

129 

1.0 

60 

134 

1.0 

66 

138 

0.8 

68 

141 

1.0 

62 

146 

1.0 

67 

161 

1.2 

70 

164 

1.0 

72 

166 

1.0 

79 

161 

0.7 

86 

167 

1.0 

93 

176 

1.0 

98 

179 

0.8 

102 

186 

1.6 

108 

193 

1.3 

114 

202 

1.6 

127 

221 

1.5 

137 

231 

1.0 

147 

242 

1.1 

149 

248 

3.0 

209 

336 

1.6 

249 

604 

6.7 

294 

1,232 

13.9 
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APALACHICOLA  AND  CHATTAHOOCHEE   BIYEBS. 

The  Chattahoochee,  the  main  branch  of  the  Apalachicola  River, 
heads  in  the  Blue  Ridge,  in  northeast  Georgia,  flows  southwest  to  the 
boundary  between  this  State  and  Alabama,  following  that  boundary 
to  the  south  line  of  the  State,  near  which  it  joins  Flint  River  to  form 
the  Apalachicola.  The  river  leaves  the  metamorphic  region  and 
crosses  the  Fall  Line  at  Columbus,  the  head  of  navigation.  Just 
above  this  place  is  a  succession  of  rapids  and  falls,  giving  the  river  a 
descent  of  120  feet  within  5  miles  of  Columbus. 

The  profile  is  taken  mainly  from  the  atlas  sheets  of  the  United 
States  Geological  Survey. 


Locality. 


Mouth  of  Apalachicola  River 
Ck>lumbu8 

WestPomt 

Moms  ferry 

Lizzie 

Terry  ferry 

Stringer  ford 

Crowder  ford 

Mouth  of  Spoiled  Cane  Creek 
Head 


Distance 

from 

mouth. 


MUa, 
0 
400 
405 
434 
512 
537 
554 
5S6 
615 
627 
643 
653 
661 


Height 

above 

sea. 

Fall  pet 
mile 

FeeL 

J%rt. 

0 

238 

0.6 

358 

24.0 

600 

8.3 

700 

1.3 

750 

2.0 

800 

2.9 

900 

3.1 

989 

3.1 

1,100 

9.3 

1,200 

6.25 

1,500 

30.0 

3,500 

250.0 

OOOSA   AND  TALLAPOOSA  RIVERS. 

Alabama  River,  one  of  the  two  main  branches  of  Mobile  River, 
divides  just  below  Montgomery,  Alabama,  into  two  large  branches, 
Coosa  and  Tallapoosa  rivers.  The  former  heads  in  northern  Georgia, 
in  the  broken  hills  which  form  the  southern  end  of  the  Appalachian 
Mountains  in  two  branches,  the  Etowah  and  the  Oostanaula  rivers. 
The  Tallapoosa  River  heads  in  northwest  Georgia. 

The  entire  drainage  basin  of  the  Alabama  is  23,820  square  miles. 

The  profile  is  from  levels  of  the  Engineer  Corps,  U.  S.  A. 


6AMNJRT.] 


0OO8A   AND   ETOWAH   RIVEB8. 


31 


0OO8A   RXYEB. 


Locality. 


Wetumka  bridge 

Thompeon  ferry 

Zimmerman  ferry 

Narrows 

Foot  of  Steamboat  Island 

Bullock  Island 

Tallaflseehatchie  Creek  . . 

Glover  ferry 

Griffith  ferry 

Truss  ferry 

Embry  ferry 

Greensport 

Garrett  ferry 

Cedar  bluff 

Rome 


Distance 

from 

Wetumka 

brld^. 


Miles. 

0 

19 

31 

46 

5^ 

64 

76 

85 

96 

108 

115 

141 

160 

207 

223 

271 


Height 

above 

sea. 


Fed. 
148 
244 
276 
383 
406 
413 
415 
423 
453 
469 
471 
500 
521 
571 
623 
652 


Fall  per 
mile. 

Fsd, 

5.1 

2.7 

7.1 

1.9 

1.2  . 

0.2 

0.9 

2.7 

1.3 

0.3 

1.1 

1.1 

1.1 

3.3 

0.6 

ETOWAH  RIVER. 
[This  profile  is  made  up  mainly  from  the  atlas  sheets  of  the  United  States  Geological  Survey.] 


Locality. 


Mouth,  Rome 

Cartersville 

Mouth  of  Little  River 

Chamlee  ferry 

Led  better  bridge 

Dougherty 

Head 


Distance 

from 
mouth. 


Mites. 

0 

43 

63 

83 

104 

119 

122 

131 

144 


Height 

above 

sea. 


Feel. 

652 

696 

798 

900 

1,000 

1,100 

1,200 

1,300 

3,500 


Fall  per 
mile. 


Feet. 


1.0 

5.1 

5.1 

4.8 

6.7 

33.3 

11.1 

169.2 
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OOSTANAULA  RIVER  AND  COOSA WATTEE   RIYER. 

[ThlB  profile  is  made  up  from  atlas  sheets  of  the  United  States  Geological  Survey.] 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth,  Rome 

Miles. 

0 

67 

73 

83 

FeeL 

652 

700 

1,000 

1,200 

-Rwt 

Foot  of  mountains 

"o-V 

50.0 
20.0 

BLACK  WARRIOR  RIYER. 


This  is  a  large  eastern  branch  of  Tombigbee  River,  one  of  the  two 
forks  of  Mobile  River.  It  heads  in  northern  Alabama  and  flows  south- 
west to  its  junction  with  the  Tombigbee. 


Locality. 


Tuscaloosa 

Langston 

Patton  ferry 

Mouth  of  Locust  Fork 

Tuggle  landing 

Junction  Sipeey  and  Mulberry  forks 


Distance 

from 

mouth. 


Miles. 
0 
13 
32 
47 
70 
90 


Height 

above 

sea. 


FeeL 
0 
45 
107 
120 
144 
163 


Fall  per 
mile. 


3.5 
3.3 
0.9 
1.0 
0.95 


TALLAPOOSA  RIVER. 

[This  profile  is  made  from  atlas  sheets  of  the  United  States  Oeolc^cal  Survey.] 


Locality. 


Mouth 

Bosworth 

Malone  ferry 

Mouth  of  Little  Tallapoosa  River 

Muscadine 

Allgood  mill 


Distance 

from 
mouth. 


Miles. 
0 
90 
106 
122 
148 
181 
200 
215 


Height 
above 


FeeL 
160 
500 
582 
660 
800 
900 
1,000 
1,154 


Fall  per 
mile. 


FbcL 

3.8 
5.1 
4.9 
5.4 
3.0 
5.3 
10.3 


GANNETT.] 


SOUTHEBN  8TBEAMS. 


83 


TEXAS  BIVEBS. 

The  rivers  of  Texas,  the  Trinity,  Brazos,  Colorado,  and  Nueces,  and 
their  branches,  drain  a  territory  whose  physiographic  features  aflfect 
all  its  streams  in  a  similar  manner.  The  region  slopes  with  much 
uniformity  toward  the  southeast  and  the  streams  flow  down  this  slope. 
It  is  formed  of  a  succession  of  rock  beds,  dipping  gently  southeast, 
but  more  steeply  than  the  slope  of  the  land,  so  that  on  following  down 
one  of  these  streams  we  cross  successively  more  recent  strata.  These 
beds  are  not  of  uniform  hardness,  and  the  streams,  cutting  more 
rapidly  in  the  softer  beds  and  being  retarded  by  the  harder  ones, 
exhibit  a  succession  of  gentle  and  rapid  courses.  This  is  excellently 
shown  in  the  Brazos  and  Colorado  rivers. 

These  profiles  were  made  up  from  atlas  sheets  of  the  United  States 
Geological  Survey. 

TRINITY   RTVEB. 


LocaUty. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Pall  per 
mile. 

• 
Month 

Milet. 
0 
72 
314 
342 
361 
404 

Feet. 

0 

50 

350 

400 

500 

1,000 

Feet. 

0.7 
1.2 
1.8 
5.3 
11.6 

Croflsingof  H.E.&  W.T.R.R 

Sixteen  miles  below  Dallas 

Twelve  miles  above  Dallas 

Six  miles  below  Fort  Worth 

Weatherford -...- 

BRAZOS   RIVER   AND   CI.EAR   FORK. 


Locality. 


Mouth 

Bolivar  landing 

Mouth  of  Cow  Creek 

Crossing  G.  0.  &  8.  F.  R.  R 

Richmond 

Eighteen  miles  above  Waco. . . 


Distance 

from 
mouth. 


Miles. 

0 

51 

60 

66 

89 

291 

318 

341 

374 

407 


Height 

above 

sea. 

Fall  per 
mile. 

Feet. 

Feet. 

0 

2, 

9 

0.8 

22 

2.2 

47 

1.1 

400 

1.7 

450 

1.85 

500 

2.2 

600 

3.0 

700 

3.0 

IRR44— 01- 
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BRAZOS  RIVER  AND  CLEAR  FORK — continued. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MiUst. 

Feet. 

JfleeL 

Near  Palo  Pinto 

462 
521 

800 
900 

1.8 
1.7 

545 

1,000 

4.2 

572 

1,100 

3.7 

Near  Fort  Griffin 

592 
621 

1,200 
1,400 

5.0 
6.2 

642 

1,500 

4.8 

Newsom 

675 
710 

1,650 
1,900 

4.5 

7.1 

Roby 

COLORADO  RIVER. 


liocality. 

Distance 

froja 
mouth. 

Height 

above 

sea. 

Fiall  per 
mile. 

MUes. 

JFM. 

J%rf. 

Mouth 

0 
145 

0 
300 

2.1 

Above  Bastrop 

175 

350 

1.7 

Below  Austin 

205 
217 
229 

400 
450 
500 

1.7 
4.2 
4.2 

Dam  above  Austin 

1 

261 

600 

3.1 

Marble  Falls 

297 
315 
329 

700 
800 
900 

2.8 
5.6 
7.1 

Montb*  of  I^lftpo  Ri v«r . . , .  x . . 

341 

1,000 

8.3 

• 

371 

1,100 

3.3 

424 

1,200 

1.9 

• 

468 

1,300 

2.3 

« 

498 

1,400 

3.3 

524 

1,500 

3.8 

548 

1,600 

4.2 

569 

1,700 

4.7 

591 

1,800 

4.5 
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LLANO  BIYER. 


Locality. 


Mouth 
Llano  . 


Distance 

from 
mouth. 


MUu. 

0 

27 

48 

84 


Height 
above 


Foa. 

800 
1,000 
1,200 
1,500 


Fall  per 
mile. 


Feel. 


7.4 
9.5 
8.3 


SAN  SABA  BIYEB. 


Locality. 


Distance 

from 
mouth. 


Mouth 

Above  San  Saba 

Fort  McKavett. 


JTOm. 

0 

14 

37 

61 

111 


Height 
above 


Feet. 

1,120 

1,200 

1,400 

1,600 

2,100 


Fall  per 
mile. 


Fed. 


5.7 

8.7 

8.3 

10.0 


CONCHO  BIVEB. 


Locality. 


Mouth 

Above  Paint  Rock 

San  Angelo 


DiBtance 

from 

mouth. 


MUes. 
0 
22 
30 
43 
55 
66 
83 


Height 

above 

sea. 


Feet. 

1,500 

1,600 

1,700 

1,800 

1,900 

2,000 

2,200 


Fall  per 
mile. 


Feet. 


4.5 
12.5 

7.7 

8.3 

9.1 

11.7 


NUECES  BIVEB. 


Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth .---. 

Milet. 
0 
230 
256 
275 
292 
310 

FeeL 
0 
700 
1,000 
1,250 
1,500 
1,750 

FrH. 

3.1 
11.5 
13.2 
14.7 
13.8 

Northern  part  of  2^valla  County 

Northi^estem  part  of  Uvalde  County 

Barksdale . 
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BIO  OBANDE. 

The  Bio  Grande  rises  in  the  San  Juan  Mountains  of  Colorado  and 
has  a  steep  descent  in  a  mountain  canyon  to  San  Luis  Valley.  In  this 
broad  valley  its  slope  is  greatly  reduced,  but  increases  again  in  the 
canyon  in  southern  Colorado  and  northern  New  Mexico,  which  it  has 
cut  in  a  volcanic  mesa.  Flowing  out  of  this  it  runs  southward  for 
several  hundred  miles  in  a  valley,  in  which  its  slope  is  fairly  uniform. 
It  increases  again  in  the  canyon  above  the  mouth  of  the  Pecos,  dimin- 
ishing again  below  that  point  toward  its  mouth,  where  it  becomes  very 
slight. 

The  river  is  subject  to  wide  variations  in  volume  at  different  times 
of  the  year.  From  southern  New  Mexico  to  the  mouth  of  the  Pecos 
it  is  often  dry  in  late  smnmer,  while  in  the  springtime  it  is  a  powerful 
torrent. 

The  Pecos,  its  main  branch,  heads  in  the  mountains  above  Las  Vegas 
and  flows  southeastward  over  the  plains  and  through  a  broad  valley  to 
its  mouth.  Its  profile,  although  evidently  controlled  largely  by  the 
slopes  of  the  surface,  is  nearly  normal,  but  shows  a  decided  irregu- 
larity in  the  increased  slope  near  its  mouth. 

The  profile  of  the  Rio  Grande  has  been  made  up  mainly  from  the 
atlas  sheets  of  the  United  States  Geological  Survey,  that  of  the  Pecos 
in  part  from  railroad  levels  and  in  part  from  these  atlas  sheets. 


TiOoality. 

DiBtance 

from 
month. 

Hefgrht 

above 

sea. 

Caliper 
mile. 

Mile$, 

FM, 

FeeL 

Mouth  ......-...----.--.......-..... 

0 
250 

0 
440 

1.8 

420 

960 

3.1 

722 

-    2,500 

5.1 

765 

2,600 

2.3 

783 

2,700 

5.6 

7«8 

2,800 

6.7 

816 

2,900 

5.6 

829 

3,000 

7.7 

843 

3,100 

7.1 

. 

878 

3,200 

2.8 

902 

3,300 

4.1 

916 

3,400 

7.1 

956 

3,500 

2.5 

992 

3,600 

2.7 

ElFftso 

1,030 

3,700 

2.6 
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Locality. 


VArltiam 


Distance 

from 

mouth. 


MUe». 
1.069 


Alamocita . . . 
SanMarcial.. 
Albuquerque. 

Bernalillo 

Cochiti 

San  Ildef  onao 
Rinoonada 


Ck>lona8  ferry 

Del  Norte 

Wagon  Wheel  gap 

San  Juan 

Mouth  of  Lost  Trail  Creek 

Mouth  of  Pole  Creek 

Head 


1 

1 

1 

1 

1, 

1, 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


0d9 
153 
197 
233 
374 
396 
420 
450 
480 
508 
552 
626 
656 
681 
766 
765 
770 


Height 

above 

sea. 


Feet. 
3,800 
3,900 
4,120 
4,250 
4,400 
4,900 
5,000 
5,200 
5,500 
5,829 
6,357 
7,443 
7,742 
8,450 
9,000 
9,500 
10,790 
12,000 


Fall  per 
mile. 


FeeL 

2.6 

3.3 

4.1 

2.9 

4.2 

3.5 

4.5 

8.3 

10.0 

10.9 

18.9 

24.7 

4.0 

23.6 

22.0 

6.7 

143.3 

242.0 


PECOS  RIYER. 


Locality. 


• 

Month 

PecoB ^ 

Eddy 

Hagerman 

Croeeing  P.  V.  R.  R 

Latitude  35** 

Las  Colonias 

La  Junta 

Anton  Chico 

LaCuesta 

San  Miguel 

0 

Head 


Dlfltance 

from 
month. 


0 
215 
300 
375 
405 
530 
548 
556 
567 
577 
597 
607 
622 
637 
657 
663 


Height 
above 


1,000 
2,550 
3,107 
3,400 
3,500 
4,600 
4,850 
4,950 
5,100 
5,250 
5,800 
6,000 
6,500 
7,000 
8,000 
12,000 


Fall  per 
mile. 


Feet, 


7.2 

6.6 

3.9 

3.3 

8.8 

13.9 

12.5 

13.6 

15.0 

27.6 

20.0 

33.3 

33.3 

50.0 

666.7 
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MISSISSIPPI  RIVEB. 

The  Mississippi  River  heads  in  Lake  Itasca,  or  rather  in  the  indefi- 
nite divide  a  few  miles  farther  south.  For  several  hundred  miles  its 
course  is  througii  a  region  over  which  the  great  northern  glacier  scat- 
tered its  deposits,  producing  great  irregularity  in  the  disposition  of 
the  drainage.  In  this  part  of  its  course  the  river  is  very  irregular, 
both  in  direction  and  in  slope,  flowing  through  numerous  lakes  of  con- 
siderable size^  and  between  them  having  rapids  and  falls.  The  most 
notable  of  the  falls  in  the  upper  part  of  its  course  is  that  of  St 
Anthony,  at  Minneapolis,  where  the  river  flows  oflf  a  bed  of  St.  Peter 
sandstone.  Below  this  fall  its  course  becomes  much  more  regular. 
It  flows  through  Lake  Pepin,  where  it  has  no  appreciable  descent, 
and  there  are  no  rapids  of  importance  until  those  of  Rock  Island, 
Illinois,  are  reached,  and  these,  with  the  rapids  at  Keokuk,  are  the 
only  serious  obstructions  to  navigation  below  Minneapolis.  In  each 
of  these  cases  the  rapids  were  produced  by  a  recent  shift  in  the  river 
channel,  caused  by  the  Laurentian  glacier. 

The  slope  of  the  river  as  far  as  Cairo  does  not  vary  greatly,  rang- 
ing from  two  feet  to  eight-tenths  of  a  foot  per  mile.  Most  of  the  way 
the  river  flows  in  a  bottom  land  of  considerable  breadth,  generally 
widening  downward,  and  the  river  becomes  more  and  more  crooked 
and  winding. 

Below  Cairo,  where  it  is  joined  by  the  Ohio,  its  character  is  that  of 
a  graded  stream.  Although  its  slope  is  not  materially  diminished,  its 
bottom  lands  become  broader,  and  within  them  it  meanders  widely 
from  bluff  to  bluff.  In  southern  Louisiana  it  changes  again;  its  couise 
becomes  straighter,  it  deposits  more  detritus  than  it  receives,  and  in  con- 
sequence it  has  built  up  its  bank' by  overflow,  forming  a  broad,  gently 
sloping  ridge  of  dry  land  which  accompanies  it  through  the  swamp  in 
which  its  course  lies.  Below  the  mouth  of  Red  River  it  forms  dis- 
tributaries which  aid  in  carrying  off  its  surplus  water  in  times  of 
flood.  In  this  part  of  its  course  its  slope  is  scarcely  appreciable,  and 
yet  it  flows  with  a  strong  current. 

It  discharges  into  the  gulf  through  a  delta  composed  of  several  arms 
or  passes — South  Pass,  Southwest  Pass,  Pass  a  POutre,  etc.  Its  entire 
drainage  basin  comprises  1,240,039  square  miles. 

The  profile  is  from  the  levels  of  the  Mississippi  River  Commission; 
the  heights  are  those  of  ordinary  low  water. 
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MISSISSIPPI   RIVEB. 


3d 


Locality. 


Mouth 

Carrollton,  La 

College  Point,  La 

Plaquemine,  La 

Baton  Rouge,  La 

Port  Hickory,  La 

Mouth  of  Red  River,  Ark  . . . 

Natchez,  Mise 

St.  Joseph,  La 

Vicksbuiig,  MisB 

Lake  Providence,  La 

Greenville,  Mias 

Arkansas  City,  Ark 

Mouth  of  White  River,  Ark  . 

Helena,  Ark 

Mahoons  landing.  Miss 

Memphis,  Tenn 

Fulton,  Tenn 

Cottonwood  Point,  Mo 

New  Madrid,  Mo 

Columbus,  Ky 

Cairo,  111 

Thebes,  111 

Fountam  Bluff,  111 

St  Louis,  Mo 

Mouth  of  Missouri  River,  Mo 

Grafton,  111 

Clarksville,  Mo 

Louisiana,  Mo 

Hannibal,  Mo 

Quincy,  111 

Canton,  Mo 

Gregory  landing,  Mo 

-Alexandria,  Mo 

Keokuk,  Iowa 

Montrose,  Iowa  (rapids) 

Fort  Madison,  Iowa 

Burlington,  Iowa 

Oquawka,  111 

Keithsbui^g,  HI 

New  Boston,  111 


Distance 

from 
mouth. 


MUet, 
0 
140 
104 
222 
246 
287 
316 
378 
440 
487 
555 
618 
658 
700 
701 
821 
862 
022 
074 

1.028 


076 
007 
137 
177 
270 
288 
308 
361 
371 
307 
413 
428 
430 
445 
450 
462 
470 
402 
505 
516 
522 


Height 

above 

sea. 


FeeL 

0 

1 

2 

2 

3 

3 

7 

21 

36 

48 

73 

03 

100 

114 

147 

163 

185 

212 

230 

256 

271 

274 

201 

313 

380 

305 

405 

433 

437 

450 

458 

466 

472 

475 

477 

500 

502 

511 

516 

523 

524 


Fall  per 
mile. 


Feet. 


0.0 
0.2 
0.2 
0.3 
0.4 
0.3 
0.2 
0.3 
0.4 
0.5 
0.5 
0.5 
0.3 
0.5 
0.3 
0.1 
0.4 
0.5 
0.7 
0.8 
0.5 
0.5 
0.4 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4 
LO 
0.3 
0.4 
0.4 
0.6 
0.2 


40 


PROFILES    OF    RIVERS   IN    THE    UNITED   BTATE8. 


[NO.  44. 


Locality. 


Port  Louisa,  Iowa 

Muscatine,  Iowa 

Rock  Island,  111 

Le  Claire,  Iowa  (rapids) 

Clinton,  Iowa 

Savanna,  111 

Bellevue,  Iowa 

Dubuque,  Iowa 

Cassville,  Wis 

Prairie  du  Chien,  Wis 

Lansing,  Iowa 

Brownsville,  Minn 

La  Croflse,  Wis 

Winona,  Minn 

Fountain,  Wis 

Minneiska,  Minn 

Alma,  Wis 

Wabasha,  Minn 

Red  Wing,  Minn.,  Lake  Pepin 

Hastings,  Minn 

St.  Paul,  Minn 

Mouth  of  Minnesota  River,  Minn 

Minneapolis,  Minn.  (St.  Anthony  falls) 

Anoka,  Minn 

Mouth  of  Elk  River,  Minn 

Montioello,  Minn 

Clearwater,  Minn 

St.  Cloud,  Minn 

Watab,  Minn 

Mouth  of  Platte  River,  Minn 

Little  Falls,  Minn 

Mouth  of  Crow  Wing  River,  Minn 

Brainerd,  Minn 

Aitkin 

Foot  Grand  Rapids 

Mouth  of  Leech  Lake  River. 

Lake  Winnebagoshish, 

Lake  Pemidgi. 

Lake  Itasca. 


Distance 

from 
mouth. 


MUes. 
1.630 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 


544 
571 
587 
608 
629 
649 
672 
699 
727 
756 
782 
791 
821 
829 
839 
849 
857 
888 
911 
937 
943 
952 
970 
985 
997 
015 
025 
033 
045 
060 
085 
095 
128 
182 
210 
222 
263 
296 


Height 
above 


526 

530 

542 

562 

566 

572 

578 

585 

599 

604 

612 

622 

628 

637 

644 

650 

656 

662 

665 

671 

683 

688 

794 

825 

851 

891 

936 

965 

1,001 

1,026 

1,090 

1,145 

1,150 

1,190 

1,248 

1,281 

1,290 

1,355 

1,462 


Fall  per 
mile. 


0.3 
0.3 
0.4 
1.2 
0.2 
0.3 
0.3 
0.3 
0.5 
0.2 
0.3 
0.4 
0.7 
0.3 
0.9 
0.6 
0.6 
0.8 
0.1 
0.3 
0.5 
0.8 
11.8 
1.7 
1.7 
3.3 
2.5 
2.9 
4.5 
2.1 
4.3 
2.2 
0.5 
L2 
LI 
L2 
0.8 
L6 
3.2 
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OHIO   RIVEB. 

Ohio  River  drains  nearly  all  of  the  Allegheny  Plateau  from  New 
York  to  Alabama.  Its  two  head  branches,  the  Allegheny  and  Monon- 
gahela,  head  respectively  in  southern  New  York  and  in  West  Virginia, 
and  both  these  streams  have  a  rapid  descent  to  their  point  of  junction 
at  Pittsburg.  From  that  point  to  Cairo,  the  mouth  of  the  Ohio,  the 
slope  of  the  river  is  gentle,  being,  on  an  average,  much  less  than  that  of 
the  Mississippi  between  Minneapolis  and  Cairo.  Its  long  course  of  over 
963  miles  is  broken  by  only  one  fall  of  importance,  that  at  Louisville. 
Its  drainage  basin,  including  all  its  branches,  is  201,720  square  miles. 

Its  branches  upon  the  left  come  out  of  the  Allegheny  Plateau. 
Of  these  streams  one,  however,  Kanawha  River,  heads  far  to  the 
southeast  of  the  plateau  among  the  high  mountains  of  western  North 
Carolina,  and  after  a  tortuous  and  irregular  course  in  these  mountains 
and  among  the  valley  ridges  under  the  name  of  New  River,  it  crosses 
the  Allegheny  Front  and  cuts  a  tremendous  gorge  through  the  plateau. 
Just  below  its  junction  with  the  Gauley,  its  principal  tributary, 
it  flows  over  Kanawha  Falls,  caused  by  the  presence  of  a  bed  of 
hard  sandstone,  lying  nearly  horizontal.  From  the  foot  of  these  falls 
its  slope  is  greatly  reduced,  so  that  it  is  navigable  to  this  point.  The 
Greenbrier  and  Grauley,  which  are  its  main  tributaries,  have  steep 
and  irregular  profiles.  The  Guyandot,  Big  Sandy,  and  Little  Kana 
wha  rivers,  all  of  which  are  tributaries  <tf  the  Ohio  on  the  left,  head 
in  the  Allegheny  Plateau  and  flow  down  canyons  which  they  have 
cut  in  it. 

The  profiles  of  the  Ohio,  Allegheny,  and  Clarion  are  from  levels  by 
the  Corps  of  Engineers,  U.  S.  A.  That  of  the  Ohio  refers  to  ordinary 
low  water. 


Locality. 


Cairo,  111 

Hillerman,  111 . . . 

Paducah,  Ky 

Smlthland,  Ky . . . 

BayCity,Ill 

Grolconda,  HI 

Bodclare,  111 

Weston,  Ky , 

Oaaeyyille,  Ky  . . 
Shawneetown,  111 

Baleigh,  Ind 

Uniontown,  Ky. 


Distance 

from 
mouth. 


Miles. 

0 

27 

47 

60 

70 

80 

91 

107 

111 

123 

130 

140 


Height 

above 

sea. 


I\eeL 
277 
281 
284 
286 
287 
290 
290 
295 
297 
301 
302 
306 


Fall  per 
mUe. 


Fnfi. 

0.1 

0.2 

0.1 

0.1 

0.3 

_  • .  _ . 
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Locality. 


Mount  Vernon,  Ind 

West  Franklin,  Ind 

HenderBon,Ky 

Evansville,  Ind 

Newburg,  Ind 

Enterprise,  Ind 

Owensboro,  Ky 

Rockport,  Ind 

Grand  view,  Ind 

Lewisport,  Ky 

Troy,  Ind 

TellCity,Ind 

Hawsville,  Ky 

Cloversport,  Ky 

Stevensport,  Ind 

Deyby,  Ind 

Concordia,Ky 

Reno,  Ind 

Alton,  Ind # 

Leavenworth,  Ky 

New  Amsterdam,  Ind 

Mauckport,  Ind 

Brandenburg,  Ky 

New  Albany,  Ind 

Louisville,  Ky 

Utica,  Ind 

Herculaneum 

Bethlehem,  Ind 

Madison,  Ind 

Oarrollton,  Ky 

Vevay ,  Ind 

Florence,  Ind 

Warsaw,  Ky ! 

Patriot,  Ind 

Rising  Sun,  Ind 

Aurora,  Ind 

Lawrenceburg,  Ind 

TaylorH\'ille,  Ky 

Anderson  Ferry,  Ky 

Cincinnati,  Ohio 

New  Palestine,  Ohio 


Distance 

from 

mouth. 


l^^^        Fall  per 
**^^®   I  mile. 


MUet. 
153 
165 
178 
190 
204 
219 
226 
235 
240 
244 
252 
856 
260 
272 
283 
292 
297 
301 
305 
319 
327 
336 
338 
374 
378 
386 
396 
405 
423 
435 
443 
452 
454 
462 
474 
482 
486 
498 
504 
511 
528 


Ftet, 
308 
312 
316 
318 
320 
326 
328 
330 
331 
333 
335 
337 
348 
340 
340 
343 
346 
346 
347 
349 
353 
354 
856 
367 
394 
395 
899 
899 
401 
404 
408 
411 
411 
413 
420 
425 
425 
429 
429 
481 
487 


FeeL 
0.2 


0.3 


0.2 


0.4 


0.3 


0.3 


0.2 

0.2 

0.3 

6.7 

0.2 

0.2 

0.3 

0.5 

• 
0.2 

OANNMT.l 


OHIO   RIVER. 
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Locality. 


New  Richmond,  Ohio 
Point  Pleasant,  Ohio  . 

Mofloow,  Ohio 

Neville,  Ohio 

Chilo,  Ohio 

Utopia,  Ohio 

Aogusta,  Ky 

Higginsport,  Ohio 

Dover,  Ohio 

Ripley,  Ohio 

Maysville,  Ky 

Manchester,  Ohio 

Wrightsville, Ohio  ... 

Rome,  Ohio 

Buena  Vista,  Ohio 

Rockport,  Ky 

Quincy,  Ky 

Portsmouth,  Ohio 

Sciotoville,  Ohio 

Greenup,Ky 

Ironton,  Ohio 

Ashland,  Ky 

Ceredo,W.Va 

Haskelville,  Ohio 

Miller,  Ohio 

Grallipolis,  Ohio 

Ravenswood,  W.  Va  . . 

Portland,  Ohio 

Parkersburg,  W.  Va  . . 

Marietta,  Ohio 

Newport,  Ohio 

New  Matamoras,  Ohio 

Sistersville,  W.  Va 

Moundsville,  W.  Va  . . 

Wheelmg,W.Va 

Burlington,  Ohio 

Warrenton,  Ohio 

VVellBburg,W.Va.... 

Steubenville,  Ohio 

WellsviUe,  Ohio 

East  Liverpool,  Ohio . 

Vanport,  Pa 

Baden,  Pa 

Pittsburg,  Pa 


Distance 

from 
mouth. 


Miles. 
532 
537 
540 
544 
549 
553 
556 
558 
564 
566 
576 
587 
593 
600 
611 
614 
618 
630 
638 
651 
660 
665 
672 
•690 
692 
717 
744 
749 
780 
792 
807 
822 
826 
861 
871 
875 
882 
889 
896 
915 
920 
935 
942 
963 


Height 
above 


Fed. 
438 
439 
439 
440 
441 
442 
444 
445 
446 
447 
448 
451 
454 
457 
460 
461 
464 
468 
472 
478 
483 
486 
490 
501 
501 
511 
544 
546 
564 
57(J 
579 
588 
590 
614 
622 
628 
632 
635 
641 
656 
657 
669 
673 
702 


Fall  per 
mile. 


Feet. 
0.3 


0.2 


0.4 


0.4 


0.5 


0.6 
0.4 


1.1 
0.6 
0.5 


0.6 
0.7 


0.8 
0.7 


0.7 
1.4 
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ALLEGHENY  RIVER. 


Locality. 


Mouth,  Pittsbui^ 

Sharpsbui^ 

Pittsburg  waterworks 

Springdale 

Tarentum 

Freeport 

Mouth  of  Mahoning  River  . 
Mouth  of  Red  Bank  River  . 
Mouth  of  Clarion  River  . . . 
Mouth  of  East  Sandy  Creek 
Mouth  of  French  Creek 


Distance 

fronk 
mouth. 


Mae$. 

0 

5 

7 

17 

22 

30 

55 

64 

85 

118 

123 


Height 
above 


696 
704 
710 
721 
728 
744 
797 
821 
862 
953 
969 


Fall  per 
mile. 

ReL 

1.6 

3.0 

1.1 

1.4 

2.0 

2.1 

2.7 

2.0 

2.8 

3.2 

CLARION  RIVER. 


Locality. 


Mouth 

Big  falls 

Turnip  Hole  . . . 
Callensburg.... 

Clarion 

Mill  Creek 

State  road 

Hemlock 

Cooksbuig . 

Clarington 

Millstone 

Spring  Creek... 
Peach  Bottom  . 
Portland  shoals 


Distance 

from 
mouth. 


JftZes. 
0 
3 
12 
18 
32 
38 
42 
46 
48 
53 
58 
69 
80 
86 


Height 
above 


FeeL 

862 

882 

932 

992 

1,042 

1,062 

1,080 

1,095 

1,114 

1,156 

1,181 

1,255 

1,328 

1,378 


Fall  per 
mile. 


6.7 
5.6 
10.0 
3.6 
3.3 
4.5 
3.8 
9.5 
8.4 
5.0 
6.7 
6.6 
8.3 


GA.KXnE1T.] 
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ROUOH  BIVEB. 

[From  levels  of  the  Corps  of  Bngineen,  U.  8.  A.] 


Locality. 


Mouth,  Livermore 

Hartford 

Hedge  River 

Comb  of  Hines  dam . . . 
Ck>mb  of  Landhim  dam 
Comb  of  Greens  dam  . . 

Frank  mill 

Lampton  mill 


Distiinoe 

from 
mouth. 


MOu, 

0 

28 

45 

55 

72 

81 

105 

114 


Height 
above 


Feet. 
0 
17 
31 
44 
57 
79 
89 
101 


Fall  per 
mile. 


Feet. 


0.6 
0.8 
1.3 
0.8 
2.4 
0.4 
1.3 


BIG  SANDY  MVBB. 


[From  levels  by  the  Corps  of  Engineers,  U.  8.  A.] 


Locality. 


Catlettsbm^ 

White  Creek  landing 

Tmnam  ferry 

Louisa 


Distance 

from 
mouth. 


JfOes. 

0 

8 

13 

26 


Height 

aboye 

sea. 


FeeL 
488 
502 
504 
515 


Fall  per 
mile. 


Feet, 


1.8 
0.4 
0.9 


LOUISA  FOBK. 


Locality. 


Louisa 

Peach  Orchard . . 
Bed  House  shoal 

Paintville 

Prestonburg 

Lanesville 

Piketon 


Distance 

from 

mouth. 


MUe». 
0 
17 
27 
36 
52 
72 
87 


Height 
above 


Feet. 
515 
539 
563 
576 
596 
627 
649 


Fall  per 
mile. 

FeeL 

1.4 

2.4 

1.4 

1.3 

1.6 

1.5 
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TUG   FORK. 


Locality. 


Louisa 

Falls,  head.. 
Double  shoal 
Warfield.... 


Distance 

from 

month. 


MUes. 

0 

11 

20 

35 


Height 
above 


Feel. 
515 
538 
551 
577 


Fall  per 
mile. 


I 


JPut. 


2.1 
1.4 
L7 


GUYANDOT   RIVER. 


[From  levels  by  the  Ck)rp0  of  Engineers,  U.  8.  A.] 


Locality. 

Distance 

from 

month. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth 

MUes. 
0 
13 
25 
31 
42 
54 
64 
75 
82 

JPIkL 

497 
523 
539 
549 
562 
584 
599 
627 
645 

I 

Rosen  mill * 

2.0 
1.3 
1.7 
1.2 
1.8 
1.5 
2.5 
2.6 

Salt.  Ronk  dam 

Fallfi 

Tiftnrel  shoals 

I/ambf^rt  mill _. 

Bie  Creek  shoal 

Peck  mill 

F/xran 

■"-"'6»~*  ...•.-..--.....-----..---..-.--..-.. 

KANAWHA   AND  NEW  RIVERS. 

[From  levels  by  the  Gorps  of  Engineers,  U.  8.  A.] 


Locality. 


Mouth  at  Point  Pleasant 
Eighteen-mile  ripple  . . . 

Near  St  Albans 

Tyler  shoal 

Charleston 

Brownstown 


Distance 

from 
mouth. 


MOes. 
0 
18 
25 
36 
44 
55 
58 
68 


Height 
above 


FbeL 
510 
517 
524 
532 
540 
549 
555 
557 


Eallper 
mile. 


I^tL 


0.4 
1.0 
0.7 
1.0 
0.8 
2.0 
0.2 
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KANAWHA   AND  NEW   RIVERS — continued. 


LoTJility. 


Cabin  Creek 

Paint  Creek 

Cannelton 

Foot  of  Kanawha  falls  . 
Mouth  of  Gauley  River 


Mouth  of  East  River . . . 

Ripplemead 

Churchwood 

Mouth  of  Reed  Creek.. 

Daughten  ford 

Bridle  Creek 

Weaversford,  forks 


Distance 

from 
mouth. 


Miiea. 

74 

80 

85 

05 

98 

117 

129 

143 

155 

172 

193 

211 

229 

253 

280 

293 

299 

306 

330 

348 

356 

376 

392 


Height 

above 

sea. 


Feet 

565 

572 

585 

617 

650 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

2,000 

2,100 

2,200 

2,300 

2,400 

2,500 

2,600 

2,700 


Fall  per 
mile. 


FeeL 

1.3 

1.2 

2.6 

3.2 

11.0 

18.4 

8.3 

7.1 

8.3 

5.9 

4.8 

5.6 

5.6 

4.2 

3.7 

7.7 

16.6 

14.3 

4.2 

5.6 

12.5 

5.0 

6.3 
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GAULEY  RIVER. 

[From  the  atlas  sheets  of  the  United  States  Geological  Survey.] 


Locality. 

1 

Distance 

from 
mouth. 

Height 
above 

Fall  per 
mile. 

MUa, 

Fea. 

FeeL 

Mouth  -..-- 

0 
10 

650 
700 

5.0 

15 

800 

20.0 

19 

900 

25.0 

23 

1,000 

25.0 

26 

1,100 

33.3 

30 

1,200 

25.0 

33 

1,300 

33.3 

37 

1,400 

25.0 

40 

1,500 

33.3 

45 

1,600 

20.0 

49 

1,700 

25.0 

56 

1,800 

14.3 

60 

1,900 

25.0 

0 

65 

2,000 

20.0    1 

74 

2,100 

11.1 

83 

2,200 

11.1 

93 

2,300 

10.0 

95 

2,400 

50.0 

99 

2,500 

25.0 

Head 

109 

4,000 

150 

GREENBRIER  RIVER. 
[From  the  atUw  sheets  of  the  United  States  Geological  SnrveF*] 


LocaUty. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUes. 

FueL 

FbeL 

Mouth,  Hinton 

0 

1,350 
1,400 

5 

10.0 

• 

17 

1,500 

8.3 

31 

1,600 

7.1 

Near  Caldwell 

48 
51 

1,700 
1,800 

5.9 
33.3 

69 

1,900 

5.6 

86 

2,000 

5.9 

97 

2,100 

9.1 

GANNETT.] 
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LITTLE   KANAWHA   RIVER. 


[From  levels  by  the  Corps  of  Engineers,  U.  S.  A.] 

• 

Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Parkersbiirg 

Miles. 

0 

14 

26 

44 

64 

64 

76 

78 

86 

96 

103 

114 

122 

130 

FeH. 
564 
679 
601 
613 
628 
640 
656 
661 
672 
688 
696 
724 
742 
761 

Feet. 

1.1 
1.8 
0.7 
1.5 
1.2 
1.3 
3.0 
1.4 
1.6 
1.1 
2.5 
2.3 
2.4 

Leachtown 

Elizabeth 

PnfRneton  shoals , 

Nailor  bend 

Mouth  of  Anna  Maria  Creek 

Mouth  of  Pine  Creek. 

Grantsville 

Acre  Island 

Cedar  Creek 

Glenville 

Stout  mill 

T^nipbenwH ,,,,__  _ , ,  , . . 

BuUtown - 

TENNESSEE   RIVER. 

Tennessee  River  heads  in  many  branches,  under  a  variety  of  topo- 
graphic conditions,  in  the  Appalachian  Valley  and  in  the  mountains 
of  western  North  Carolina.  Certain  of  the  heads  of  the  Tennessee — 
the  Hiwassee,  the  Little  Tenne^ee  with  its  branches,  the  Nantahala, 
Tuckaseegee,  Big  Pigeon,  French  Broad,  and  Nolichucky — rise  in 
this  region.  Among  the  mountains  their  courses  are  steep,  and  they 
emerge  into  the  Appalachian  Valley  through  gorges  cut  in  the  Great 
Smoky  range.  Below  these  gorges  their  slopes  are  comparatively 
gentle. 

Other  of  its  head  streams,  including  the  Holston,  with  its  branches, 
and  the  Clinch  and  Powell  rivers,  head  in  southwest  Virginia  in  the 
Appalachian  Valley,  and  their  courses,  for  the  most  part,  follow  down 
secondary  valleys  on  limestone  formations,  in  which  the}''  have  estab- 
lished gentle  slopes.  Here  and  there,  however,  these  streams  cut  their 
way  across  valley  ridges  from  one  of  these  secondary  valleys  to  its 
neighbor,  and  in  these  water  gaps  the  uniformity  of  their  slopes  is 
interrupted  and  rapids  and  falls  result. 

Tennessee  River  is  formed  by  the  union  of  the  Holston  and  French 
Broad  rivers,  a  few  miles  above  Knoxville.  Froui  the  point  of  junc- 
tion it  flows  southwest  down  the  Appalachian  Valley  to  Chattanooga. 
Here  it  turns  abruptly  westward,  cutting  through  the  Cumberland 

IRR44r-01 4 
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Plateau.  A  few  miles  below,  it  receives  the  waters  of  Sequatchie 
River.  This  stream  flows  in  a  southwest  course  throughout,  draining 
a  portion  of  the  plateau. 

The  Tennessee  River  below  Knoxville  has  a  gentle  slope,  averaging 
not  more  than  a  foot  to  a  mile  as  far  as  Mussel  shoals.  Here  the  river 
flows  over,  a  succession  of  beds  of  hard  limestone,  which  have  retarded 
its  work  of  erosion  and  given  rise  to  rapids  known  as  Big  and  Little 
Mussel  and  Colbert  shoals.  Below  the  latter  the  river  has  a  very 
slight  fall,  averaging  only  about  three-tenths  of  a  foot  to  a  mile. 

The  drainage  basin  of  Tennessee  River,  including  all  its  branches,  is 
43,897  square  miles. 

The  profile  of  Tennessee  River  is  from  levels  by  the  Corps  of  Engi- 
neers, U.  S.  A.  Those  of  its  branches,  the  Sequatchie,  Hiwasaee, 
Little  Tennessee,  Nantahala,  Tuckaseegee,  French  Broad,  Big  Pigeon, 
Nolichucky,  Holston,  Powell,  and  Clinch  rivers,  have  been  made  up 
from  the  atlas  sheets  of  the  United  States  Geological  Survey. 


LocaUty. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fallper 
mileT 

Paducah 

Mila. 
0 

225 
233 
256 
259 
276 
2S3 
285 
303 
347 
402 
412 
436 
440 
448 
452 
508 
541 
566 
679 
636 

639 

286 
315 
358 
384 
396 
418 
503 
509 
523 
529 
631 
593 
598 
606 
613 
626 
631 
684 
699 
712 
736 
806 

810 

J'vtlm 

Johnsonville 

0.3 

Riverton 

0.3    ' 

Colbert  shoals 

8,3 

Florence 

0.6 

IJttle  Mussel  shoals  .... .   .... 

5.5 

Lock  No.  1 • 

LockB 

5.3 

0.8    ' 

Milton  bluff 

7.0 

Decatur 

Guntersville 

Bridgeport 

Shellmound 

The  Skillet 

0.3 
0.1 
1.1 
0.5 
0.3 
1.8 
1.6 
1.3 
0.9 
0.5 
0.9 
1.0 
LS 

1.0 

The  Suck 

( Chattanooga  Oreek . . 

Chattanooga 

Charleston 

Rockwood 

Kingston 

Loudon  

Knoxville 

Head,  junction  Holston  an<l  French  Broad 
rivers 

GANNETT.] 
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SEQUATCHIE   RIVER. 


Locality. 


Mouth 

Near  Dunlap,  Tenn. 


Distance 

from 
month. 


MUu. 
0 
32 
45 
61 
71 


Height 

aboye 

sea. 


JncLn 
595 
700 
800 
900 

1,000 


I^Uper 
mile. 


FeeL 


3.3 
7.7 
6.25 
10.0 


HIWA8SEE  RIVER. 


Locality. 


Mouth 

Bean  Mountam  Oanyon 
Narrows 

Murphy 

Hayesville 

Above  Hiwassee 

Head 


Distance 

from 

mouth. 


0 

36 

50 

54 

84 

105 

116 

126 


Height 
above 


Feti, 
662 
700 
1,000 
1,200 
1,500 
1,800 
2,000 
3,800 


Fall  per 
mile. 


FeeL 


0.9 
21.4 
50.0 
10.0 
14.3 
18.2 
180.0 


LITTLE  TENNESSEE   RIVER. 


Locality. 


Month  at  Lenoir,  Tenn 
Morgantown 


Month  of  Tuckase^gee  River 
Mouth  of  Nantahala  River. . 

Above  Franklin 

Rabun  Gap,  head 


Distance 

from 

month. 


Miles. 

0 

12 

35 

40 

43 

47 

55 

65 

71 

77 

82 

104 

118 


Height 

above. 

sea. 


Feet. 

750 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,550 

1,700 

2,000 

2,200 


Fall  per 
mile. 

Feet. 

4.2 

4.3 

20.0 

33.3 

25.0 

12.5 

10.0 

16.6 

8.3 

30.0 

13.6 

14.3 

52 


PROFILES    OF    RIVERS   IN   THE    UNITED   STATES. 


[lco.4i 


NANTAHALA  RIVER. 


Locality. 

Distance 

from 

mouth. 

Height 

above 

■ea. 

Fallper 
mile. 

MUet. 

FaeL 

JFM. 

Mouth  ........•.•••••••••••••••.•..•••... 

0 

1,550 
1,700 

1 

6 

25.0 

11 

2,000 

60.0 

17 

2,500 

83.3 

25 

3,000 

40.0 

Head 

40 

4,200 

80.0 

TUCEASEEGEE  RIVER. 


Locality. 


Mouth 

Bryson 

Dillsboro . . . 
Tuckaaeegee 


Distance 

from 
mouth. 


ifiZes. 
0 
10 
27 
39 
48 


Height 
above 


FeeL 

1,500 

1,753 

2,000 

2,184 

2,700 


Fttllper 
mfle. 


I 


FbcL 


15.3 
14.5 
15.3 
57.3 


FRENCH  BROAD  RTVER. 


Locality. 


Mouth,  Knoxville. 

Delrio 

PamtRock 

Barnard...^ 

Alexander 

Above  Asheville  . . 
Horseshoe 

Sassafras  gap,  head 


Distance 

from 
mouth. 


MOet. 

0 

38 

49 

56 

76 

92 

111 

128 

160 

169 


Height 
above 


FeeL 

810 
1,000 
1,100 
1,200 
1,500 
1,800 
2,000 
2,100 
2,200 
2,800 


Fall  per 
mile. 


Fea 


5.0 

9.1 
14.3 
15.0 
18.7   ' 
10.5 

5.8 

3.1 
66.6 


1 
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BIO  PIGEON   BIVEK. 


Locality. 

Difltence 

fitom 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

p 

1 

Maes. 

i^. 

Fed, 

Mouth 

0 
6 

980 
1,000 

3.3 

i 

16 

1,100 

6.2 

State  line,  Tennessee  and  North  Carolina  . . . 

24 

1,200 

12.5 

t 

26 

1,300 

50.0 

30 

1,400 

25.0 

34 

1,500 

25.0 

38 

1,600 

25.0 

43 

1,700 

20.0 

49 

1,800 

16.6 

50 

1,900 

100.0 

51 

2,000 

100.0 

54 

2,100 

33.3 

55 

2,200 

100.0 

56 

2,300 

100.0 

58 

2,400 

50.0 

69 

2,500 

9.1 

74 

2,600 

20.0 

80 

2,700 

16.6 

Head 

91 

5,500 

254.5 

NOMCHUOKY  KIVER 


1 

Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Pall  pep 
mile. 

MUea. 

Fed. 

Feet. 

Mouth .......................... 

0 
30 

975 
1,100 

4.2 

Hird  bridiye i> 

45 

1,200 

6.6 

Henshaw ................................. 

53 
63 

1,300 
1,400 

12.5 
10.0 

N«ir  OonklinfiT ..,..^-r.*^ ^ 

75 

1,500 

8.3 

85 

1,600 

10.0 

90 

1,700 

20.0 

94 

1,800 

25.0 

96 

1,900 

50.0 

• 

99 

2,000 

33.3 

101 

2,100 

50.0 

102 

2,200 

100.0 

104 

2,300 

50.0 

Junction  North  and  South  Toe  rivers 

118 

2,400 

7.1 

123 

2,500 

20.0 

140 

3,000 

29.4 

Head  South  Toe  River 

143 

5,000 

666.6 
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HOUSTON  RIVER. 


Lcx»iUty. 


Mouth,  near  Knoxville 

Near  Morristown 

Spears 

Rotherwood 


Distance 

from 

mouth. 


Miles. 

0 

78 

105 

117 

143 


Height 
above 

sea. 


Feet. 
810 
900 
1,000 
1,100 
1,156 


Fsllper 
mile. 


rat. 


1.2 
3.7 
8.3 
2.2 


SOUTH   FORK  OF  HOLSTON   RIVER. 


Locality. 


Mouth 

Mouth  of  Watauga  River ... 
Bluff 

Mouth  of  Fifteen-mile  Creek 
Mouth  of  Middle  Fork 


Distance 

from 

mouth. 


Miles. 
0 
11 
16 
28 
41 
54 
62 
74 
86 


Height 
above 

BAA 


Feel. 

1,156 

1,200 

1,300 

1,400 

1,500 

1,700 

1,900 

2,100 

2,600 


Fall  per 
mile. 


4.0 
20.0 
8.3 
7.7 
15.4 
25.0 
16.6 
3H.3 


NORTH   FORK  OF  HOLSTON  RIVER. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

1 

1 

Fall  per 
mile. 

1 

Miles. 

FeeL 

FM, 

Mouth,  Rotherwood ....................... 

0 

1,156 

11 

1,200 

4.0 

21 

1,300 

10.0 

37 

1,400 

6.25 

50 

1,500 

P9       ». 

64 

1,700 

14.3 

82 

2,000 

16.6 

Head 

92 

3,000 

100.0 
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MIDDLE   FORK  OF  HOLSTON   RTVEB. 


Locality. 


Month 

Seven-mile  ford 
Head 


Distance 

from 

mouth. 


MHea, 
0 
24 
44 


Height 

above 

sea. 


Feet. 
1,900 
2,000 
2,600 


Fall  per 
mile. 


Feet. 


8.3 
25.0 


POWBIX  BIVEB. 


Locality. 


Month 

Near  Jonesville,  Va 

Big  Stone  Gap 

Near  Norton 


Distance 

from 
moutii. 


Miles. 
0 

33 

61 

91 

103 

117 

129 


Height 

above 

sea. 


Feet. 
900 

1,000 

1,100 

1,200 

1,300 

1,500 

2,000 


Fall  per 
mile. 


Feet. 


3.03 
3.6 
3.3 
8.3 
14.3 
41.6 


CLINCH  BIVEB. 


Locality. 


Month,  Kingston 

Clinton 

Near  Mouth  of  Powell  Biver 

Sneedville 

Dnngannon 

Near  St  Paul 

Artrip 

Near  Tazewell 


Distance 

from 

mouth. 


MiUB. 

0 

52 

88 

116 

128 

155 

177 

187 

207 

234 

249 


Height 

above 

sea. 


Feet. 

712 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

2,000 

2,500 


CUMBEBLAND  BIVEB. 


Fall  per 
mile. 


Feet. 


1.7 

2.8 

3.6 

8.3 

3.7 

4.5 

10.0 

5.0 

18.5 

33.3 


Cumberland  River  heads  in  the  Cumberland  Plateau  in  southeastern 
Kentucky  and  flows  southwestward  in  a  broad  curve  down  into  Ten- 
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nessee,  and  thence  northwestward  to  its  junction  with  the  Ohio.  The 
steep  slope  near  its  head  is  quickly  reduced,  and  over  much  the  greater 
part  of  its  course  its  average  descent  is  scarcely  1  foot  to  a  mile, 
although  it  is  interrupted  in  several  places  by  slight  rapids. 

Its  drainage  basin  comprises  18,573  square  miles. 

The  profile  is  mainly  from  levels  of  the  Engineer  Corps,  U.  S.  A. 


Locality. 


Mouth 

0. 0.  &  8.  W.  R.  R.  bridge 

Glen  wood  landing 

Eddy  villa 

Commerce  landing 

Empire  landing 

Blight  landing 

Canton 

Linton 

Brandon  landing 

Carney  landing 

Cumberland  City 

Yellow  Creek  towhead  . . 

Palmyra 

Clarksville 

Seven-mile  Island 

Harrison  landing 

Harpeth  shoals > 

Hickman  ferry 

Robertson  Island 

Nashville 

Donelson  ford 

Lindsey  Island 

Gallatin 

Cimningham  Island 

Buzzard  Island 

Whitley  Island 

Hartsville 

Bradley  Island 

Lovell  Island 

Carthage 

Beasley  bar 

Sullivan  Island 

Salt  Lick  Island 


Distance 

from 

mouth. 

Height 

above 

sea. 

Miles.     , 

Ftd. 

0 

286 

30 

293 

a4 

294 

42 

296 

49 

299 

54 

302 

5S 

304 

61 

306 

72 

309 

81 

312 

91 

319 

104 

325 

109 

327 

115 

328 

126 

331 

132 

334 

143 

341 

• 

.  156 

352 

166 

363 

177 

364 

189 

366 

206 

374 

223 

387 

236 

392 

247 

399 

257 

404 

265 

410 

276 

415 

284 

423 

294 

432 

305 

440 

318 

448 

323 

450 

339 

461 

Fall  per 
mile.     ' 


0.2 

0.3 

0.3 

0.4 

0.6 

0.5 

0.7 

0.3 

0.3 

0.7 

0.5 

0.4 

0.2 

0.3 

0.5 

0.6 

0.8 

1.1 

0.1 

0.2 

0.5 

0.8 

0.4 

0.6 

0.5 

0.8 

0.5 

1.0 

0.9 

0.7 

0.6 

0.4 

0.7 
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Locality. 


Distance 

from 
mouth. 


Tackett  Island 

Simpeon  Island 

Rose  bar 

Butler  landing 

Kentucky  and  Tennessee  boundary 

Sulphur  liick  shoal 

Stalcup  Island 

Cloyd  Island 

Green  Island 

Spearman  Island 

Wells  Island 

Blankenship  Island 

Long  Bottom  Island 

Belks  Island 

Gauns  Island 

Ford  Island 


Point  Bumside. 


I    Williamsbui^ 

Prineville 

Forks,  Mount  Pleasant 


MUn. 
345 
353 
364 
373 
386 
393 
407 
410 
432 
439 
450 
457 
461 
472 
487 
507 
513 
516 
548 
558 
587 
645 
678 


Height 

above 

sea. 


Fall  per 
mile. 


Feel. 
466 
475 
478 
489 
497 
502 
508 
513 
527 
529 
535 
542 
546 
554 
570 
580 
585 
586 
700 
800 
900 
1,000 
1,100 


Feet, 
0.8 
1.1 
0.3 
1.2 
0.6 
0.7 
0.4 
1.7 
0.6 
0.3 
0.5 


1.0 

LO 

0.7 

1.1 

0.5 

0.8 

0.3 

3.6 

10.0 

3.4 

1.7 

3.0 

KENTUCKY  RIVER. 


Kentucky  River,  like  the  Big  Sandy,  Guyandot,  and  Little  Kanawha, 
heads  in  the  Allegheny  Plateau.  Its  head  branches  have  steep  slopes 
in  the  plateau,  becoming  more  gentle  in  the  Blue  Grass  country. 

The  profile  is  from  levels  by  the  Engineer  Corps,  U.  S.  A. 


Locality. 


Mouth 

Frankfort 

Beattyville 

Mouth,  Middle  Fork 


Distance 

from 
mouth. 


Miles, 

0 

65 

254 

258 


Height 

above 

sea. 


Feet. 
410 
452 
636 
638 


Fall  per 
mile. 


Feet. 


0.6 
1.0 
0.5 


58 


PEOFILES   0^  RIVERS   IN  THE   UNITED  STATE8. 


[NO.  44. 


MIDDLE   FORK  OF  KENTUCKY  RIVER. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

1 

Mouth 

Maes. 

0 

24 

54 

120 

Feet 
638 
681 
731 
935 

JW.      1 

Mouth  of  War  Creek 

1.8 

Troublesome  Creek 

1.7    1 

Brashear's  salt  works 

3.1 

NORTH  FORK  OP  KENTUCKY  RIVER. 


Locality. 


Mouth  of  Leatherwood  Creek 
Mouth  of  Rockhouse  Creek . . 

Gum  Spring 

Whitesburg 

Mouth  of  Boone  Fork 

Pound  Gap 


Distance 
from  Leath- 
erwood. 


MUet. 
0 
9 
21 
27 
38 
45 


Height 

above 

sea. 


FeeL 
935 
994 
1,088 
1,141 
1,252 
2,427 


Fall  per 
mile. 


Ftel. 


6.6 

7.8 

8.8 

10.1 

167.9 


SOUTH  FORK   OF  KENTUCKY  RTVER. 


Locality. 


Distance 
from  Leath- 
erwood. 


Beattyville  . 
Booneville.. 
Red  Bird... 
Collins  Fork 


MUea. 

0 

12 

42 

69 


Height 
above 

OML 


Fed, 
636 
661 
767 
842 


Fall  per 
mile. 


FeeL 


2.1 
3.5 

2.8 


WABASH  RIVER. 


This  branch  of  Ohio  River,  having  a  drainage  basin  of  83,725  square 
milea,  heads  in  northwestern  Ohio  and  flows  west  and  south  to  its 
mouth,  after  a  course  of  517  miles. 

The  profiles  of  Wabash  and  Eel  rivers  were  compiled  by  Mr.  Frank 
Leverett. 


GANNETT.] 


WABASH,  EEL,  AND  MUSKINGUM  BIVBBS. 


59 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Month 

Miles. 

0 

16 

62 

90 

122 

168 

197 

212 

267 

287 

312 

362 

382 

402 

417 

517 

311 
323 
365 
377 
399 
425 
441 
448 
470 
487 
506 
583 
636 
667 
699 
1,000 

FleeL 

0.8 
0.9 
0.4 
0.7 
0.6 
0.6 
0.5 
0.4 
0.9 
0.8 
L5 
2.7 
L6 
2.1 
3.0 

Mouth  of  Little  Wabaah 

Gray  ville 

Mouth  of  White  River 

Vincemies 

Hutsonville 

State  line 

Terre  Haute , 

Covington 

Attica 

T  Af ayett^ ............... 

Loizansport 

Mouth  of  MisBiflBinewa  River  . . . , 

Month  of  Balamonie  River 

Hnntington 

Source... 

EEL  SIYEB. 


Locality. 


Mouth  at  Logansport 

Railroad  bridge  in  Miami  County 

North  Manchester 

Liberty  mills 

Collamer 

Columbia 

Source 


Distance 

from 
mouth. 


Maes. 
0 
30 
45 
50 
58 
70 
85 


Height 

above 

sea. 


Fed, 
583 
688 
721 
750 
768 
816 
850 


Fall  per 
mile. 


FeeL 


3.5 
2.2 
5.8 
2.3 
4.0 
2.3 


MUSKINGUM  RIVER. 


Locality. 


Mouth 

Foot  of  Zanesville  dam 
Dresden 


Dist&nce 

from 
mouth. 


Miles. 
0 
75 
91 


Height 

above 

sea. 


Feet. 
570 
674 
700 


Fall  per 
mile. 


Feet. 


1.4 
L6 
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MIAMI  RIVER. 


Locality. 


Mouth 

Middleton 
Dayton . . . 

Piqua 

Source...- 


Distance 

from 
mouth. 


MUe8. 

0 

55 

77 

108 

158 


Height 

above 

sea. 


Fed, 
427 
656 
725 
840 
972 


Fall  per 
mile. 


FeeL 


4.2 
3.1 
3.7 
2.6 


ILLINOIS  RTVER. 

niinois  River  rises  near  the  head  of  Lake  Michigan  and  flows  nearly 
southwest  to  its  mouth,  just  above  Alton.  The  slope  of  this  river  is 
very  slight,  being  much  less  than  that  of  the  Mississippi  above  the 
mouth  of  the  Illinois,  its  fall  being  only  110  feet  in  324  miles,  or  about 
three-tenths  of  a  foot  per  mile. 

The  profile  is  from  levels  by  the  Engineer  Corps,  IT.  S.  A. 


Locality. 


Mouth 

Peru,ni 

Little  Rock  ferry.  _ . 

Utica,Ill 

Starved  Rock 

Buffalo  Rock 

Ottawa,  111 

Marseilles,  111 

Ballards  Island 

Seneca,  111 

S.  &  K.  R.  R.  bridge. 

Morris,  111 

Aux  Sable  township 
Kankakee  feeder. . . 
Adams  dam. ...... . 

Upper  dam,  Joliet. . 


Distance 

from 

mouth. 


0 
261 
265 
266 
268 
271 
277 
284 
285 
289 
293 
300 
305 
310 
324 
325 


Height 

above 

sea. 


Feet 
405 
440 
446 
448 
454 
459 
463 
475 
477 
484 
486 
492 
496 
501 
515 
531 


Fall  per 
mile. 


FuL 


0.1 
L5 
2.0 
3.0 
1.7 
0.7 
1.7 
2.0 
1.8 
0.5 
0.9 
0.8 
1.0 
1.0 
16.0 
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ROOK   RIVER. 

This  stream  heads  in  southern  Wisconsin  and  flows  south  and  south- 
west to  its  junction  with  the  Mississippi  at  Rock  Island.  Although 
its  profile  is  gentle  throughout,  it  affords  a  number  of  fine  water  pow- 
ers, several  of  which  have  been  improved. 

Its  drainage  basin  is  9,792  square  miles. 

The  profile  is  from  the  report  on  Water  Power  of  the  Tenth  Census. 


Locality. 


Month  at  Bock  Island,  HI. . . 

Mouth  of  Green  River 

Month  of  Bock  Creek 

Mouth  of  Elkhom  Creek  . . . 

Month  of  Leaf  River 

Mouth  of  Kishwankee  Creek 
Month  of  Pecatonica  River  . 

Mouth  of  Catfish  River 

Fort  Atkinson 

Outlet  Lake  Horicon 


Distance 

from 

mouth. 

Height 

above 

sea. 

• 
MUes. 

Feet. 

0 

541 

12 

556 

36 

574 

65 

601 

113 

669 

126 

692 

151 

716 

181 

773 

199 

7S4 

261 

861 

Fall  per 
mile. 


Feet. 


1.3 
0.8 
0.9 
1.4 
1.8 
1.0 
1.9 
0.6 
1.2 


RED  RIVER. 

The  Bed  River  of  Texas  has  its  source  in  the  northern  part  of  the 
Staked  Plains.  Its  course  for  several  hundred  miles  is  a  little  south 
of  east,  along  the  northern  boundary  of  Texas.  At  Fulton,  Arkansas, 
it  turns  southeast  and  retains  that  general  course  to  its  mouth. 

Throughout  most  of  its  course  this  river  is  graded,  with  a  slope  of 
only  a  few  tenths  of  a  foot  to  the  mile,  and  along  the  south  boundary 
of  Indian  Territory  its  slope  is  less  than  2  feet  per  mile. 

The  drainage  basin  of  Red  River  is  89,970  square  miles,  and  its  length 
considerably  exceeds  1,000  miles. 

The  profile  is  derived  in  part  from  the  levels  of  the  Engineer  Corps, 
U.  S.  A.,  and  in  part  from  levels  by  the  United  States  Geological 
Survey. 
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Locality. 


Mouth 

Barbre  landing 

Black  River 

Ware  landing 

Cassandria 

Casa  landing 

Alexandria 

Colfax 

Bell  landing 

St.  Maurice 

Tessier  landing 

Le  Compte  bluffs. . . 

Couflhatta 

Nioock  bayou 

Locuist  landing 

Shreveport 

Pandora  bend 

Cottonwood  bayou  . 

Elmer  slough 

Kouns  canal 

Blanton  bluff 

Collins  bluff 

Dukes  bend  landing 

Booker  landing 

Garland 

Person  landing 

Dobeon  landing 

Dooley  ferry 

Kye  Smith  landing. 
Fulton,  Ark 


Western  boundary  of  Oklahoma. 


Distance 

from 
mouth. 

1 

Height 

above 

sea. 

miet. 

/Vsrt. 

0 

4 

7 

4 

35 

6 

67 

24 

81 

34 

97 

36 

118 

42 

162 

52 

165 

58 

181 

69 

188 

72 

211 

86 

237 

96 

273 

125 

305 

131 

327 

138 

339 

148 

357 

168 

375 

179 

386 

182 

398 

186 

407 

188 

420 

192 

448 

197 

457 

204 

468 

208 

474 

212 

490 

216 

504 

221 

515 

227 

705 

500 

840 

750 

955 

1,000 

995 

1,250 

1,045 

1,500 

Fall  per 
mile. 


ao 

0.1 
0.6 
0.7 
0.1 
0.3 
0.3 
0.5 
0.7 
0.4 
0.6 
0.4 
0.8 
0.2 
0.3 
0.8 
1.1 
0.6 
0.3 
0.3 
0.2 
0.3 
0.2 
0.8 
0.4 
0.7 
0.3 
0.4 
0.5 
1,4 
1.8 
2.2 
6.2 
5.0 


OUACHITA   RIVER. 


The  Ouachita  River  heads  in  the  Ozark  Hills  of  western  Arkansas. 
In  that  part  of  its  course  which  lies  within  the  bills  it  flows  in  limestone 
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valleys  between  quartzite  ridges,  and  has  a  considerable  slope.  Upon 
emerging  into  the  level  country  near  Arkadelphia,  Arkansas,  its  slope 
greatly  diminishes,  and  in  its  long  course  thence  to  its  junction  with 
Black  River  the  fall  per  mile  is  very  slight. 

The  profile  is  derived  in  part  from  levels  by  the  Corps  of  Engineers, 
U.  S.  A. ,  and  in  part  from  the  atlas  sheets  of  the  United  States  Geo- 
logical Survey. 


Locality. 


Mouth 

Uarrisonburg 

Monroe 

Mouth  Bartholomew  bayou 

Camden 

Arkadelphia 


Head 


Distance 

from 
month. 


Miles. 
0 
16 
122 
148 
304 
380 
417 
467 
476 
500 
514 
534 
545 


Height 
above 


Feet. 

60 

67 

88 

93 

114 

188 

300 

500 

600 

700 

800 

1,000 

1,750 


Fall  per 
mile. 


Feet. 

0.4 
0.2 
0.2 
0.1 
1.0 
3.0 
5.0 
5.3 
4.2 
7.1 
10.0 
68.2 


ARKANSAS  BFVEB. 

This  large  branch  of  the  Mississippi  heads  in  central  Colorado,  in 
the  Rocky  Mountains,  at  an  altitude  of  10,000  feet.  It  flows  first 
south  and  then  east,  getting  clear  of  the  mountains  at  Canyon  City, 
Colorado.  Within  the  mountains  its  slope  is  extremely  steep,  averag- 
ing 40  feet  to  the  mile;  upon  entering  the  plains  its  slope  rapidly 
diminishes,  and  from  Pueblo  as  far  as  the  south  boundary  of  Kansas, 
a  distance  of  500  miles,  it  remains  almost  constant,  with  an  average 
slope  of  7  feet  per  mile.  In  this  part  of  its  course  it  resembles  the 
Platte.  Although  having  a  steep  slope,  it  is  so  heavily  loaded  with 
detritus  that  it  deposits  rather  than  erodes.  It  is  in  effect  a  graded 
stream.  From  Wichita  downward  to  its  mouth  its  slope  constantly 
diminishes,  although  not  uniformly,  and  near  its  mouth  it  has  no 
greater  fall  than  the  Mississippi  in  this  neighborhood. 

The  drainage  basin  of  the  Arkansas  is  185,671  square  miles;  the 
total  length  of  the  river  is  1,497  miles. 
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The  profile  is  derived  as  far  as  Argenta  from  levels  of  the  Corps  of 
Engineers,  U.  S.  A. ;  thence  to  its  head  from  atlas  sheets  of  the  United 
States  Geological  Survey. 


Locality. 


Mouth , 

Cut-off 

Hopedale 

Red  Fork 

Arkansas  Post , 

Auburn 

Little  Bavou  Meto 

Sarassa 

Bankhead 

Rob  Roy  bridge 

Pine  Bluff 

McAlister 

Mokes  landing , 

Red  Bluff , 

Troy  Landing 

Argenta 

Fort  Smith 

Mouth  of  Grand  River 

Mouth  of  Cimarron  River  .. 
Mouth  of  Black  Bear  Creek 

Mouth  of  Salt  Greek 

Kaw  Agency 

Arkansas  City 

Osiord 

El  Paso 

Wichita 

Lyons 

Hutchinson h, 

Nickerson 

Raymond 


Distance 

from 
mouth. 

Height 
above 

Fall  Iter 
mile.     1 

Miles. 

Feet. 

Fxt. 

0 

117 

15 

118 

0.1 

22 

119 

0.1 

•     27 

121 

0.4 

38 

130 

0.8 

64 

137 

0.3 

71 

141 

0.6 

78 

149 

1.1 

88 

158 

0.9 

101 

161 

0.2 

no 

164 

0.3 

121 

170 

0.5 

133 

176 

0.5 

142 

188 

L3 

158 

202 

0.9 

176 

216 

0.8 

199 

250 

L5 

249 

300 

1.0 

307 

350 

0.9 

403 

400 

0.5 

497 

500 

1.1 

584 

652 

1.7 

646 

764 

L8 

661 

797 

2.2 

723 

933 

2.2 

767 

1,043 

2.5 

792 

1,108 

2.6 

817 

1,177 

2.8 

832 

1,222 

3.0 

853 

1,400 

8.5 

871 

1,500 

5.6 

889 

1,600 

5.6 

906 

1,700 

5.9 

926 

1,800 

5.0 

942 

1,900 

6.2 

GAMMETT.] 
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Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUa. 

Feel. 

Feet. 

Larned ....... ---. .. ......... 

958 
973 

2.000 

6.2 
6.7 

2 

,100 

989 

2 

,200 

6.2 

• 

1,005 

2 

,300 

6.2 

■^j 

,020 

2 

,400 

6.7 

,036 

2 

,500 

6.2 

Oimarron 

,051 
,066 

2 
2 

,600 
,700 

6.7 
6.7 

Garden 

,081 
,159 

2, 
3, 

,800 
,400 

6.7 
7.7 

,172 

3, 

,500 

7.7 

T,*maT.     ,,    .    -    .    , ,-irx^         -,-         r,,-          .T,.,, 

,187 
,200 

3, 
3, 

,600 
700 

6.7 
7.7 

214 

3, 

800 

7.1 

229 

3. 

900 

6.7 

Robinson ...................... 

240 
254 

4, 
4, 

000 
100 

9.1 
7.1 

269 

4, 

200 

6.7 

■ 

283 

4, 

300 

7.1 

• 

296 

4, 

400 

7.7 

Mouth  of  Huerfano  River 

309 
322 
334 
345 

4, 
4, 
4, 
4, 

500 
600 
700 
800 

7.7 
7.7 
8.3 
9.1 

Mouth  of  St.  Charles  River 

Pueblo 

352 

4, 

900 

14.3 

359 

5 

000 

14.3 

370 

5, 

200 

18.2 

Canyon  

375 

s 

300 

20.0 

Parkdale 

^ 

,385 

5, 

,700 

40.0 

399 

6 

,000 

21.4 

Mouth  of  South  Arkansas  River 

,428 
,439 

6 

,500 
,000 

17.2 
45.5 

. 

.  1 

,457 

8 

,000 

55.6 

Granite 

,475 
,497 

9 
10 

,000 
,400 

55.6 
63.6 

Tennessee  pass,  head 

CANADIAN   RIVER. 

This  ia  a  long  branch  of  the  Arkansas,  heading  in  Raton  pass,  in 
northern  New  Mexico,  and,  flowing  first  south  and  then  east  down  the 
slope  of  the  plains,  it  joins  the  Arkansas  in  Indian  Territory. 

IRR  44—01 5 
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The  profile  is  derived  mainly  from  the  atlas  sheets  of  the  United 
States  Geological  Survey. 


Locality. 


Mouth 


Near  Purcell 

C.  R.  I.  <&  P.  R.  R.  crossing 

Canadian 

Tascosa 

Raton  pass,  head 


Distance 

from 
mouth. 

Height 

above 

sea. 

Miles. 

FM.  - 

0 

460 

22 

500 

82 

600 

104 

700 

134 

800 

152 

900 

190 

1,040 

240 

1,200 

435 

2,300 

550 

3,150 

727 

5,972 

745 

6,292 

758 

7,893 

Fall  per 
mile. 


FeeL 


1.8 

1.7 

4.5 

3.3 

5.6 

3.7 

3.2 

5.6 

7.4 

15.9 

17.8 

123.2 

NEOSHO  RTVEB. 

Neosho  River  heads  in  Kansas^  not  far  east  of  the  center  of  the 
State,  and  flows  at  first  eastward  and  then  southward  to  its  junction 
with  the  Arkansas  in  Indian  Territory.  Its  course  of  346  miles  is 
mainly  through  a  prairie  region,  and  its  profile  departs  but  little  from 
a  normal  one. 

Tl^ie  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


Locality. 


Mouth 

Markham  ferry,  Ind.  T 

Above  Oswego,  Kans  . . 

Humboldt 

Leroy 

Ottumwa 

Emporia 

Council  Grove 

Head 


Distance 

from 

mouth. 


MUca. 
0 

12 

42 

69 

177 

206 

228 

255 

274 

296 

310 

326 

346 


Height 

above 

Bea. 


Fall  per 
mJle. 


470 

500 

550 

600 

800 

850 

900 

950 

1,000 

1,050 

1,100 

1,200 

1,500 


Fetl. 


2.5 
1.7 
1.8 
1.8 
1.7 
2.3 
1.8 
2.6 
2.3 
3.6 
6.25 
15.0 


GANNETT.] 


VERDIGRIS   AND    WHITE   RIVERS. 
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VERDIGRIS  RIVER. 

This  river  heads  in  southeastern  Kansas  and  flows  nearly  south  to 
its  junction  with  the  Neosho,  in  the  northern  part  of  Indian  Territory. 
It  drains  a  region  mainly  composed  of  prairie  land.  The  river  has 
slight  fall  except  near  its  head,  and  with  the  exception  of  one  point 
in  its  course  it  has  a  symmetrical  profile. 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUu, 

FeeL 

Feet, 

Mouth - - 

0 
11 

476 
500 

2.3 

60 

550 

1.02 

105 

000 

1.1 

• 

133 

650 

1.8 

154 

700 

2.4 

179 

750 

2.0 

185 

800 

8.3 

206 

850 

2.4 

231 

900 

2.0 

242 

950 

4.5 

248 

1,000 

8.3 

258 

1,100 

10.0 

265 

1,200 

14.3 

Head 

275 

1,500 

30.0 

WHITB  RIVER. 

This  stream  heads  in  northwestern  Arkansas,  in  the  Ozark  Plateau, 
and  flows  southeastwardly  through  it  in  a  canyon,  with  a  steep  slope. 
Emerging  from  the  plateau,  it  flows  southward  through  the  alluvial 
region  of  southeastern  Arkansas  to  its  junction  with  Mississippi  River, 
at  the  mouth  of  the  Arkansas.  Its  slope  throughout  the  alluvial 
region  is  extremely  gentle.    Its  drainage  basin  is  27,925  square  miles. 

The  profile  is  derived  mainly  from  the  atlas  sheets  of  the  United 
States  Geological  Survey. 


Locality. 

-  -  -        -  » 

Mouth 

Jacksonport 

Grigsby  ferry 


Distance 

Irom 

mouth. 


MUes. 
0 
330 
380 
410 
439 
463 
487 
509 
536 


Height 

above 

sea. 


Feel. 
107 
193 
250 
300 
350 
400 
450 
500 
550 


Fall  per 
mile. 


Feet. 


0.3 
1.1 
1.7 
1.7 
2.1 
2.1 
2.3 
1.9 
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ST.  FRANCIS  RIVER. 

This  stream  heads  in  southeast  Missouri  and  flows  nearly  south  to 
its  junction  with  the  Mississippi,  in  eastern  Arkansas.  Nearly  all  its 
course  is  in  low  bottom  lands  of  the  Mississippi  River,  and  its  slope  is 
extremely  gentle. 

The  profile  comes  from  levels  by  the  Mississippi  River  Commission. 


Locality. 


Mouth,  Ark 

Wittsburg,  Ark 

Ebdy,  Butler  County,  Mo 
Ironton, Mo 


Distance 

from 
month. 


Mites. 

0 

135 

30S 

43S 


Height 
above 


Fall  per 
mile. 


MERAMEG    RIVER. 


This  is  a  small  branch  of  the  Mississippi,  in  eastern  Miasouri.  It 
heads  in  the  Ozark  Plateau^  and  flows  generally  northeastward  to  its 
mouth,  just  below  St.  Louis. 

The  profile  is  derived  from  levels  of  the  Engineer  Corps,  U.  S.  A. 


Locality. 


Mouth 

Mouth  of  Big  River 

Mouth  of  BourbeuBe  River 
Mouth  of  Courtois  River. . 
Head 


Distance 

from 
mouth. 


Miles. 

0 

56 

84 

134 

174 


?^vV  i-r 


FeeL 
365 
407 
458 
615 
755 


Jtot 


0.8 
1.8 
3.1 
3,5 


MISSOURI  RIVER. 

Missouri  River  has  its  source  in  southwest  Montana,  in  three  large 
branches — the  eJefferson,  Madison,  and  Gallatin — which  meet  at  the 
Three  Forks.  These  three  streams  have  steep  descents,  mainly  through 
mountainous  regions,  but  from  its  head,  at  the  Three  Forks,  the  Mis- 
souri has  a  long  course  down  the  incline  of  the  Great  Plains,  with  a 
gentle  slope,  which  is  broken  at  only  one  point — Great  Falls — by  a  suc- 
cession of  falls  and  rapids,  in  the  course  of  which  it  descends  nearly 
200  feet.  Below  these  falls  it  has  the  characteristics  of  a  graded  river, 
flowing  through  a  broad  bottom  land,  with  wide  curves  and  numerous 
shifts  of  its  course.  These  characteristics  become  more  and  more 
marked  in  descending  the  river,  accompanied  by  a  gradually  diminish- 
ing slope. 


OAKKETT.] 


MISSOURI   BIYEB. 
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Its  drainage  basin,  including  all  its  branches,  is  527,155  square  miles. 

The  profile  of  Missouri  River,  from  its  mouth  to  the  Three  Forks, 
in  Montana,  is  from  levels  of  the  Missouri  River  Commission.  Those 
of  the  Jefferson,  Madison,  and  Gallatin  rivers  are  from  atlas  sheets  of 
the  United  States  Geological  Survey. 


Locality. 


Mouth 

Jamestown  landing,  Mo 

St  Charles,  Mo 

Ck>ttleville  Landing,  Mo 

Washington,  Mo 

Hermann,  Mo 

Fishers  landing,  Mo 

Jefferson  City,  Mo 

Providence,  Mo 

Boonyille,  Mo 

Glasgow,  Mo 

New  Frankfort,  Mo 

Dewitt,  Mo 

Waverly,  Mo 

Lexington,  Mo 

Camden,  Mo 

Missouri  City,  Mo 

Kansas  City,  Mo 

Leavenworth,  Elans 

Atchison,  Kans 

St  Joseph,  Mo 

White  Cloud,  Kans 

Brownsville,  Nebr 

Nebraska  City,  Nebr 

Plattsmouth,  Nebr 

Omaha,  Nebr 

Blair,  Nebr 

Decatur,  Nebr 

Sioux  City,  Iowa 

Vermilion,  S.  Dak 

Mouth  of  James  River,  S.  Dak. 

Yankton,  S.  Dak 

Running  Water,  S.  Dak 

Fort  Randall,  S.  Dak 

Chamberlain,  S.  Dak 


Distance 

from 
mouth. 


0 
9 
28 
44 
71 
103 
124 
151 
180 
206 
237 
252 
267 
299 
322 
337 
363 
391 
422 
448 
479 
525 
578 
608 
634 
660 
695 
745 
807 
855 
888 
898 
929 
969 
1,058 


Height 
above 


395 

403 

416 

437 

158 

479 

502 

523 

545 

564 

591 

602 

614 

645 

664 

678 

695 

716 

742 

765 

790 

829 

875 

908 

940 

960 

986 

1,033 

1,077 

1,131 

1,150 

1,161 

1,203 

1,236 

1,323 


Pall  per 
mite. 


FeeL 


0.9 
0.7 
1.3 
0.8 
0.7 
1.1 
0.8 
0.8 
0.7 
0.9 
0.8 
0.8 
1.0 
0.8 
0.9 
0.7 
0.8 
0.8 
0.9 
0.8 
0.8 
0.9 

• 

1.1 
L2 
0.8 
0.7 
0.9 
0.7 
LI 
0.6 
LI 
L4 
0.8 
LO 
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Locality. 


Mouth  of  Cheyenne  River,  S.  Dak. . . 

Bismarck,  N.  Dak 

Mouth  of  Little  Missouri  River 

Williston,  N.  Dak 

Mouth  of  Yellowstone  River,  N.  Dak 

Mouth  of  Poplar  River,  Mont 

Mouth  of  Milk  River,  Mont 

Mouth  of  Marias  River,  Mont 

Fort  Benton,  Mont 

Mouth  of  Portage  River,  Mont 

Great  Falls,  Mo 

Mouth  of  Sunrise  River,  Mo 

Townsend,  Mo 

Three  Forks,  Mo 


Distance 

from 

mouth. 


Height        y^, 
above         ™lir 
sea,  "^»^«- 


Miles. 

1,112 

1,239 

1,371 

1,509 

1,549 

1,647 

1,726 

2,052 

2,074 

2,099 

2,111 

2,123 

2,295 

2,340 


Feet. 

1,460 

1,618 

1,740 

1,825 

1,855 

1,935 

2,020 

2,545 

2,565 

2,783 

3,295 

5,299 

3, 793 

4,000 


Ftet. 
2.5 
L2 
0.9 
0.6 
0.8 
0.8 
1.1 
1.6 
0.9 
8.7 

42.7 
0.3 
2.9 
4.6 


JEFFERSON   RIVER. 


Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

1 

Fall  per 
mile. 

Three  Forks,  mouth 

MUet. 

0 
24 
56 
66 

FM. 

4,000 

4,200 

4,400 

4,600 

Jtef. 

8.3     f 
6.3 
20.0 

1 

BIOHOLE   BIYEE. 


Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

TtHl  per 
mUe. 

Mouth - 

Miles. 
0 
16 
31 
43 
54 
64 

Feet. 

4,600 

4,800 

5,000 

5,200 

5,400 

5,600 

Fed. 

12.5 
13.3 
16.7 
18.2 
20.O     ' 
1 

OANKCTT.] 


MONTANA    BIVEBS. 


71 


BEAVERHEAD  RIYER. 


1 

Locality. 

1 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth 

Miles. 
0 

19 

31 

51 

61 

4,600 
4,800 
5,000 
5,200 
5,400 

10.5 
16,7 
10.0 
20.0 

MADISON   RIVER. 


Locality. 

Distance 

from 

mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Three  Forks,  mouth 

Miles. 
0 

11 

21 

29 

40 

54 

63 

69 

79 

F»i. 
4,000 

4,200 

4,400 

4,600 

4,800 

5,000 

5,200 

5,400 

5,600 

Ftet. 

18.2 
20.0 
25.0 
18.2 
14.3 
22.2 
33.3 
20.0 

GALLATIN   RIVER. 


Locality. 

Distance 

from 
mouth. 

Height 
above 

Fall  per 
mile. 

Miles. 

Feet. 

Feel. 

Three  Forks,  irioutb .    . ,   

0 
12 

4,000 
4,200 

16.7 

20 

4,400 

25.0 

24 

4,600 

50.0 

28 

4,800 

50.0 

34 

5,000 

33.3 

40 

5,200 

33.3 

44 

5,400 

50.0 

51 

5,600 

28.6 

59 

5,800 

25.0 

• 

65 

6,000 

33.3 

69 

6,200 

50.0 

73 

6,400 

50.0 

77 

6,600 

50.0 

83 

6,800 

33.3- 

88 

7,000 

40.0 
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OSAGE   RIVER. 

Osage  River  heads  in  eastern  Kansas,  under  the  name  of  Marais  des 
Cygnes.  Its  slope  throughout  its  course,  of  nearly  500  miles,  is  very 
gentle;  indeed,  for  three-fourths  of  it  it  is  less  than  a  foot  to  a  mile. 
This  portion  of  Kansas  is  mainly  through  a  prairie  region,  and  here  it 
is  interrupted  by  marshes.  In  Missouri  the  river  is  extremely  wind- 
ing, in  great  curves,  which  are  deeply  incised. 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


Locality. 


Mouth,  Osage  City 

Foot  of  Rice  Island 

Mouth  of  Big  Gravoifl  Creek 
Near  Crittenden 

Near  Rockville 

Near  Pleasanton 

Ottawa 

Near  Melvern 

Near  Olivet 


Distance 

from 
mouth. 

Height 

above 

sea. 

Miles. 

Feet 

0 

520 

12 

524 

85 

550 

148 

600 

216 

650 

280 

700 

350 

750 

402 

800 

434 

850 

486 

950 

494 

1,000 

Fall  per 
mile. 


FieeL 


0.3 
0.4 
0.8 
0.7 
0.8 
0.7 
1.0 
1.6 
1.9 
6.3 


KANSAS  RIVER. 

The  Kansas  River  and  its  branches,  Smoky  Hill  and  Republican 
rivers,  are  streams  of  the  plains,  heading  in  eastern  Colorado  and 
flowing  down  the  long  eastern  slope  of  the  country.  Their  courses  are 
throughout  gentle,  although  a  little  steeper  toward  the  head,  and  less 
so  in  their  lower  courses. 

Their  drainage  basins,  comprising  altogether  59,256  square  miles, 
are  treeless,  except  on  the  lower  course  of  the  main  river. 

These  profiles  are  from  the  atlas  sheets  of  the  United  States  Greo- 
logical  Survey. 


QANNB!IT.] 
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Locality. 


Kanflas  City,  month 

Tiblow 

Lawrence 

Topeka 

St.  Mary 

Wamego 

St.  George 

Manhattan 

Junction  City 

Abilene 

Solomon 

Salina 

Ellsworth 


Wallace 


Distance 

from 
mouth. 


0 
20 
60 
87 
123 
139 
150 
100 
191 
254 
274 
310 
353 
378 
408 
436 
463 
479 
496 
512 
528 
544 
654 


Height 

above 

sea. 


Fed. 

720 

754 

796 

864 

925 

959 

977 

996 

1,080 

1,100 

1,125 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

2,000 

2,100 

2,200 

3,280 


Fall  per 
mile. 


Fed. 


1.7 
1.4 
1.8 
1.7 
2.1 
1.6 
1.9 
2.7 
0.3 
1.3 
2.1 
2.3 
4.0 
3.3 
3.6 
3.7 
6.2 
5.9 
6.2 
6.2 
6.2 
9.8 


REPUBLICAN  RIVER. 


Locality. 


Mouth  at  Junction  City 

Near  Clay  Center 

Lawrencebuig 

Near  Boetwick 

Near  Red  Cloud 

Near  Franklin 

Republican 

Edson 


Distance 

from 
mouth. 


MUet. 

0 

38 

66 

86 

100 

122 

143 

161 

181 

199 

215 

227 


Height 

above 

aea. 


Fset. 

1,080 

1,200 

1,300 

1,400 

1,500 

1.600 

1,700 

1,800 

1,900 

2,000 

2,100 

2,200 


Fall  per 
mile. 


Feet. 


3.2 
3.6 
5.0 
7.1 
4.5 
4.8 
5.5 
5.0 
5.5 
6.3 
8.3 
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PLATTE  RIVER. 

Platte  River  heads  in  Colorado  in  two  branches,  North  and  South 
Platte.  The  former  has  its  source  in  North  Park  and  the  mountains 
adjacent  and  has  a  steep  descent  within  the  mountains,  dropping  to 
6  or  7  feet  per  mile  when  it  enters  the  plains.  The  South  Platte  heads 
in  the  mountains  at  the  north  end  of  South  Park  and  enters  the  plains 
just  above  Denver.  Within  the  mountains  its  slope  is  extremely 
steep  and  irregular,  but  upon  reaching  the  plains  it  suddenly  dimin- 
ishes greatly,  falling  to  8  or  9  feet  to  the  mile.  These  two  branches 
meet  at  North  Platte,  and  below  their  junction  the  Platte  has  an 
average  fall  of  about  6  feet  per  mile,  maintaining  that  slope  with 
remarkable  uniformity.  The  river  is  a  peculiar  one  in  the  fact  that  it 
has  a  relatively  steep  slope  and  an  extremely  straight  course,  while 
at  the  same  time  it  is  building  up  its  bed.  This  peculiarity  is  due  to 
the  fact  that  it  is,  taking  the  year  as  a  whole,  an  overloaded  stream. 
It  is  subject  to  great  fluctuations  in  volume.  In  the  springtime,  when 
the  mountain  snows  are  melting,  it  is  a  river  a  mile  in  width,  and 
although  rather  shallow  carries  a  large  body  of  water,  while  at  other 
times  of  the  year  it  is  almost  or  quite  dry. 

The  drainage  basin  of  Platte  River  comprises  90,011  square  miles. 

The  profiles  of  the  Platte  and  its  branches  are  from  the  atlas  sheets 
of  the  United  States  Geological  Survey. 


Locality. 


Mouth 


Central  City 


Kearney 

Lexington . . 

North  Platte 


Distance 

from 
moath. 

Height 

above 

sea. 

MUa, 

Feet. 

0 

940 

15 

1,000 

38 

1,100 

63 

1,200 

81 

1,300 

101 

1,400 

118  • 

1,600 

133 

1,600 

149 

1,700 

161 

1,800 

176 

1,900 

191 

2,000 

206 

2,100 

221 

2,200 

237 

2,300 

253 

2,400 

270 

2,500 

282 

2,600 

300 

2,700 

316 

2,800 

Fall  per 
mile. 


FM. 


4.0 
4.3 
4.0 
S  6 
5.0 
5.9 
6.7 
6.3 
8.3 
6.7 
6.7 
6.7 
6.7 
6.3 
6.3 
5.9 
8.3 
5.6 
6.7 
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NORTH  PLATTE   BIVER. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

MUes. 

Feet. 

F^. 

Mouth,  near  North  Platte 

0 

2,800 

15 

2,900 

6.7 

Camp  Clark 

145 

3,700 

6.2 

161 

3,800 

6.3 

• 

177 

3,900 

6.3 

193 

4,000 

6.3 

208 

4,100 

6.7 

Fort  Laramie 

226 
239 

4,200 
4,300 

5.5 
7.7 

251 

4,400 

8.3 

265 

4,500 

7.1 

275 

4,600 

10.0 

Doufflas 

310 

4,827 

6.5 

CaBper 

370 

5,100 

4.6 

Fort  Steele 

510 

6,500 

10.0 

SOUTH  PLATTE   RITER. 


Locality. 


Mouth,  near  North  Platte 

Ogalalla 

Big  Spring 

Denver  Junction 

Sedgwick 

Crook 

Iliff 

Sterling 

Merino 

Snvder 

Orchard 

Hardin 

Lasalle 

Nantes 

Platteville 

Lupton 

Brighton 


Distance 

from 
mouth. 


MUes. 

0 

51 

70 

81 

96 

111 

127 

138 

151 

168 

199 

216 

232 

239 

244 

253 

260 


Height 

above 

sea. 


Feel. 

2,800 

3,209 

3,364 

3,456 

3,571 

3, 695 

3,820 

3,920 

4,021 

4,160 

4,391 

4,513 

4,663 

4,732 

4,807 

4,891 

4,968 


Fall  per 
mile. 


Feci. 


8.0 

8.2 

8.4 

^  p» 

8.3 
7.8 
9.0 
7.8 
8.2 
7.5 
7.2 
9.4 
9.9 

15.0 
9.3 

11.0 
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■Locality. 


Henderson 

Denver 

Platte  Canyon. 

South  Platte 

Mouth  of  Tarryall  Creek  . . . 

Foot  of  upper  canyon 

Head  of  upper  canyon 

Mouth  of  Little  Platte  River 

Above  Fairplay 


Distance 

from 

moath. 


Miles, 
265 
288 
308 
317 
332 
347 
354 
365 
375 
380 
386 
405 
415 
427 


Helgrbt 
above 


FseL 
6,023 
5,170 
6,492 
6,085 
6.600 
7,000 
7,500 
8,000 
8,165 
8,500 
8,683 
9,000 
9,500 
10,000 


Fall  per 
mile. 


FbeL 
11.0 
6.4 
16.1 
66.9 
27.7 
33.3 
71.4 
45.5 
16.5 
67.0 
30.5 
16.7 
50.0 
41.7 


YELLOWSTONE  RIVER. 

Yellowstone  River  heads  in  the  mountains  above  Yellowstone  Lake, 
flowing  into  the  lake  at  the  head  of  its  southeastern  arm.  On  emerg- 
ing from  the  lake  the  river  has  a  very  gentle  slope  for  a  few  miles, 
then  plunges  over  two  falls,  the  upper  fall  90  feet  and  the  lower  825 
feet.  Thence  follows  a  succession  of  canyons  in  volcanic  rock,  in 
which  the  river  has  a  rapid  descent.  At  Livingston  it  turns  from  its 
northern  course  to  the  east  and  flows  through  a  broad  valley  with  a 
diminishing  slope  to  its  mouth  at  Fort  Buford. 

The  profile  is  in  large  part  from  the  levels  of  the  Northern  Pacific 
Railwav. 


Locality. 


Mouth 

Diamond  Islaiul  . . . 

Beef  slough 

Reno  l)end 

MonrtM*  rapids 

Walker  Island  shoal 

De  RusHy 

White  sand 

McEwens  rapids  . . . 


Distance 

from 

mouth. 


Mile$. 

0 

30 

46 

60 

100 

108 

113 

124 

133 


Height 

above 

sea. 


1,855 
1,916 
1,950 
1,988 
2,100 
2,123 
2,133 
2,160 
2,182 


Fan  per 
mile. 


FnL 


2.0 
2.1 
2.7 
2.8 
2.9 
2.0 
2.5 
2.4 


GANNETT.] 


YELLOWSTONE    AND   BflLK   BIVEBS. 
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Locality. 


Mouth  of  Powder  River 

Baker  rapids 

Buffalo  rapids 

Keogh,  ferry  at  Tongue  River . . . 

Benteen  Island 

Rosebud 

Big  Porcupine  Creek 

Head  of  Rosebud  Island 

Mouth  of  Bighorn  River 

Junction  City 

N.  P.  R.  R.  crossing,  near  Billings 

Stillwater 

W.  P.  R.  R.,  second  crossing 

Gray  Cliff 

Big  Timber 

Springdale 

Livingston 

Head  of  lower  canyon 

Chicory 

Foot  second  canyon 

Foot  of  lower  falls 

Top  of  upper  falls 

Yellowstone  Lake 


Distance 

Irom 
xnoath. 


Height 

above 

sea. 


JfiZes. 
137 
144 
163 
176 
196 
215 
234 
252 
274 
279 
331 
373 
385 
400 
413 
427 
446 
456 
468 
486 
533 
552 
553 
569 


/tee. 

2,200 

2,224 

2,300 

2,355 

2,402 

2,465 

2,522 

2,583 

2,668 

2,696 

3,079 

3,560 

3,676 

3,847 

4,072 

4,190 

4,437 

4,600 

4,800 

5,000 

6,000 

7,300 

7,725 

7,741 


Fall  per 
mile. 


FeeL 

4.5 

3.4 

4.0 

4.2 

2.3 

'3.3 

3.0 

3.4 

3.9 

5.6 

7.4 

11.5 

9.7 

11.4 

17.3 

8.4 

13.1 

16.3 

16.7 

11.1 

21.3 

68.4 

425.0 

1.0 


MILK  RIVER. 


This  is  a  long  branch  of  Missouri  River,  in  northern  Montana.  It 
heads  in  the  plains  near  the  international  boundary,  and  flows  in  a 
course  generally  a  little  south  of  east,  to  its  mouth.  Its  slope  conforms 
to  that  of  the  plains,  averaging  about  2  feet  per  mile. 


Locality. 


Mouth 

Glasgow,  2  miles  above 

Malta 

Yantic 


Dlfltancc 

from 
mouth. 


Mile*, 

0 

22 

106 

184 


Height 

above 

sea. 


Fed. 

2,020 

2,055 

2,220 

2,415 


Fall  per 
m.ile. 


Feet. 


1.6 
2.0 
2.5 


78 


PROFILES   OF   RIVERS   IN   THE   UNITED   STATES.  [no.  44. 


JAMES  RIVER. 

James  River,  of  the  Dakotas,  is  a  stream  of  the  plains,  flowing 
through  its  entire  course  in  a  region  recently  occupied  by  the  great 
northern  glacier.  It  heads  in  North  Dakota  and  flows  nearly  south 
433  miles,  to  its  junction  with  Missouri  River  at  Yankton.  Its  entire 
coui-se  is  newly  occupied  and  the  river  has  made  but  little  progress  in 
erosion.  It  follows  closely  in  its  profile  the  slopes  of  the  country, 
which  are  very  gentle. 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


Locality. 


Mouth 

Olivet,  4  miles  above 


Grand  Rapids 

Dickey,  2  miles  above  . . . 

Jamestown,  3  miles  below 

Jim  Lake 

Arrowhead  Lake 

New  Rockford 


Distance 

from 
moath. 

Height 

above 

sea. 

Miles. 

IM. 

0 

1,150 

42 

1,180 

64 

1,200 

105 

1,220 

172 

1,240 

211 

1,280 

265 

1,280 

315 

1,300 

326 

1,320 

334 

1,340 

34S 

1,360 

35S 

1,380 

3S2 

1,435 

394 

1,440 

433 

1,502 

Fall  per 
mile. 


FeeU 


0.7 
0.9 
0.5 
0.3 
0.5 
0.4 
0.4 
1.8 
2.5 
1.4 
2.0 
2.3 
0.4 
1.6 


DE8  MOINES  RIVER. 

This  river  heads  in  southwest  Minnesota  and  flows  in  a  southeast 
course  across  Iowa  to  its  junction  with  the  Mississippi  at  Keokuk.  Its 
slope  is  gentle  throughout  its  course  and  fairly  uniform. 

Its  drainage  basin  is  14,652  square  miles. 


Locality. 


Moath,  Keokuk,  Iowa 

Ottumwa,  Iowa 

Des  Moines,  Iowa 

Moingona,  Iowa 

Southeast  part  of  Webster  County,  Iowa. . 

Fort  Dodge,  Iowa 

Windom,  Minn 


Distance 

from 

mouth. 

Height 

above 

sea. 

Mite$. 

FeeL 

0 

476 

94 

636 

205 

786 

245 

877 

269 

921 

300 

964 

411 

1,329 

Fall  per 
mile. 


FeeL 


1.7 
1.4 
2.3 
1.8 
1.4 
3.3 


QAIWETT.] 


IOWA    AND  MINNESOTA   RIVEB8. 
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IOWA   KIVER. 


This  branch  of  the  Mississippi  heads  in  northern  Iowa  and  flows 
southeast  to  its  mouth.  Its  course  is  through  a  prairie  region  and  its 
.slope  is  gentle  throughout. 


Locality. 


Mouth  ... 
Iowa  City 
Montour. . 
Iowa  Falls 


Distance 

from 
mouth. 


Miles. 

0 

60 

150 

215 


Height 

above 

sea. 


Feet. 
522 
607 
845 

1,007 


Fall  per 
mile. 


Feet. 


1.4 
2.6 
2.5 


SKUNK   BIVEB. 


A  branch  of  Mississippi  River  in  eastern  Iowa.    This  stream  shows, 
so  far  as  the  data  at  hand  indicates,  a  very  regular  profile. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth 

MUes. 

0 

38 

146 

182 

203 

Feet. 
505 
550 
750 
907 

1,056 

Feet. 

1.2 
1.9 
4.4 
7.1 

• 

Rome - 

Vowell -. 

Ames 

Southeast  part  of  Hamilton  County 

MINNESOTA   RIVEB. 

This  river  heads  in  Bigstone  Lake,  on  the  boundary  between  Minne- 
sota and  South  Dakota.  After  a  long  course  to  the  southeast  it  turns 
sharply  northward  and  joins  the  Mississippi  near  Minneapolis.  Its 
slope  throughout  is  extremely  gentle,  ranging  from  one-tenth  of  a  foot 
per  mile  to  two  and  eight-tenths,  and  with  an  average  slope  for  its 
entire  length  of  249  miles  of  only  one  and  one-tenth  feet  per  mile. 
Throughout  its  course  the  river  flows  in  a  bottom  land  of  considerable 
breadth,  entirely  out  of  proportion  to  the  size  of  the  present  stream, 
indicating  that  in  former  times  a  much  larger  river  excavated  its 
present  valley.     Its  drainage  basin  is  16,000  square  miles. 
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The  profile  is  from  levels  by  the  Corps  of  Engineers,  U.  S.  A. 


Locality. 


Mouth 

Shakopee 

Carver 

Jordan  ferry 

Belleplaine ._. 

Blakeley 

Henderson 

Lesueur 

Ottawa 

St.  Peter 

Mankato 

South  Bend 

Fort  Ridgely 

Mouth  of  Redwood  River 

Mouth  of  Yellow  Medicine  River 

Mouth  of  Chippewa  River 

Lac  qui  Parle 

Mouth  of  Pomme  de  Terre  Creek 
Bigstone  Lake 


Distance 

from 
mouth. 


MUet, 

0 

26 

33 

41 

62 

60 

73 

82 

90 

97 

116 

119 

131 

146 

173 

197 

211 

227 

249 


Height 

above 

sea. 


Feel. 
688 
689 
691 
693 
697 
701 
711 
716 
723 
731 
763 
768 
791 
815 
859 
923 
938 
946 
976 


Fall  per 
mile. 


/bet 


0.3 
0.3 
0.4 
0.5 
0.8 
0.6 
0.9 
1.1 
1.2 
L3 
2.8 
L7 
1.6 
2.7 
LI 
0.5 
L4 


RED  RIVER. 

Red  River,  of  Minnesota,  heads  in  Lake  Traverse,  and  forms  the 
boundary  line  between  Minnesota  on  the  east  and  the  Dakotas  on  the 
west  as  far  as  the  international  boundarv.  Its  course  from  its  head 
to  its  mouth  in  Lake  Winnipeg  is  very  nearly  north. 

The  profile  is  from  levels  by  the  Corps  of  Engineers,  U.  S.  A. 


Locality. 


Mouth,  Lake  Winnip^ 

Boundary  line 

Pelican 

Turtle  River 

Grand  Forks 

Frog  Point 

Goose  Rapids 

Moorhead 

Fort  Abercrombie 

Breckenridge 

Fergus  Falls 


Distance 

from 
mouth. 


MiU$. 
0 
120 
168 
238 
263 
298 
320 
418 
489 
515 
548 


Heijcht 

above 

eea. 


Feci. 
710 
763 
762 
783 
789 
811 
823 
874 
912 
948 

1,156 


Fall  per 
mile. 


JW. 


0.4 
0.2 
0.3 
0.2 
0.6 
0.5 
0.5 
0.5 
1.4 
6.3 
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COLORADO  RIVER. 

Colorado  River  drains  a  peculiar  region.  While  most  of  its  water 
comes  from  high  mountain  ranges,  the  greater  part  of  its  course,  "ks 
well  as  the  courses  of  its  tributaries,  lies  in  the  plateau  region,  an  area 
of  horizontal  or  slightly  inclined  plateaus,  bordered  by  cliffs,  in  which 
the  streams  flow  in  steep-walled  canyons;  an  arei^  sparsely  covered 
with  soil  and  containing  little  vegetation.  It  is  a  region  of  slight 
rainfall,  and  the  streams  lose  rather  than  gain  in  volume  of  water  in 
traversing  it.  Colorado  River  heads  in  two  main  branches — Green  and 
Grand  rivers.  The  sources  of  Green  River  are  in  the  Wind  River 
Mountains  of  western  Wyoming.  At  the  foot  of  this  range  the  river 
traverses  for  a  hundred  miles  a  broad,  desert  plain,  known  as  Green 
River  Basin.  At  the  foot  of  this  plain  it  meets  Uinta  Range.  Through 
this  range  it  has  cut  its  way  in  a  series  of  heavy  gorges,  emerging  from 
them  at  the  south  base  of  the  mountains  and  entering  Uinta  Valley,  in 
which  it  flows  for  a  short  distance;  then  flowing  southward  it  enters  a 
series  of  uplifts,  consisting  of  slightly  inclined  plateaus,  three  in  num- 
ber, dipping  to  the  north.  In  each  of  these  it  burrows  its  way,  the 
depth  of  the  canyon  increasing  mile  by  mile,  both  by  the  increasing 
height  of  the  plateau  and  the  descent  of  the  river.  At  the  cliff  which 
limits  each  of  these  plateaus  on  the  south  the  river  comes  out  to  day- 
light for  a  short  distance.  At  the  foot  of  the  most  southern  of  these 
plateaus  is  Gunnison  Valley,  in  which  the  Rio  Grande  Western  Rail- 
road crosses  the  river.  In  the  canyon  which  succeeds  this  valley, 
caused  by  an  uplift  of  the  plateau,  the  Green  is  joined  by  the  Grand, 
and  the  Colorado  begins.  Then  follows  a  succession  of  uplifts,  through 
which  the  river  has  been  forced  to  cut  its  way,  producing  a  continuous 
canyon,  whose  walls  rise  higher  and  higher  with  each  succeeding  uplift 
until  the  Grand  Canyon  is  reached,  whose  walls  are  6,000  feet  in  height 
and  magnificent  in  their  complexity.  Farther  west  the  land  descends 
by  a  series  of  steps,  produced  by  faults  and  folds,  which  finally  bring 
the  river  to  daylight  at  the  mouth  of  the  Grand  Wash. 

Grand  River,  which  heads  in  the  mountains  in  the  eastern  side  of 
Middle  Park,  Colorado,  encounters  throughout  its  course  a  succession 
of  obstacles  similar  to  those  met  and  overcome  by  Green  River. 

The  branches  of  Grand  River,  Eagle  River,  Roaring  Fork,  Gunnison 
and  Dolores  rivers  all  head  and  have  much  of  their  courses  in  regions 
of  high  mountains,  and  naturally  their  slopes  are  both  steep  and 
irregular. 

The  entire  area  drained  by  Colorado  River  and  its  branches  is  225,049 
square  miles. 

IRR  44—01 6 
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The  profile  was  prepared  by  Maj.  J.  W.  Powell. 


Locality. 


Mouth 

Mouth  of  Gila  River 

Mouth  of  Williamfl  River 

Needles 

Mouth  of  Vii^gin  River 

Mouth  of  Grand  Wash  (fault) 

Mouth  of  Diamond  Creek 

Toroweap  Valley  (fault) 

Mouth  of  Eanab  Creek 

Mouth  of  Little  Colorado  River 

Mouth  of  Paria River  (fault-Echo  aiffa) 

Mouth  of  Navajo  Creek 

Crossing  of  the  Fathers 

Mouth  of  San  Juan  River 

Mouth  of  Escalante  River 

Mouth  of  Dirty  Devil  River 

Mouth  of  Grand  River 

Green  River  crossing  (Book  Clifb) 

Mouth  of  Price  River 

Mouth  of  White  River 

Mouth  of  Yampa  River 

Brown  park 

Mouth  of  Henry  fork 

Mouth  of  Black  fork * . . . 

Green  River  city 

Mouth  of  Big  Sandy  River 

Mouth  of  Slate  Creek 

Mouth  of  Fontenelle  Creek 

Mouth  of  New  Fork 

Mouth  of  Horse  Creek 

Mouth  of  Lead  Creek 

Bend,  near  head 


Distance 

from 
mouth. 


MUa, 
0 
160 
9f0 
385 
556 
600 
650 
700 
730 
790 
800* 
816 
880 
905 
920 
957 
970 
1,030 
1,067 
1,080 
1,200 
1,220 
1,305 
.,390 
,435 
.,470 
1,490 
,560 
1,590 
,620 
1,652 
.,672 
1,684 
.,728 
.,754 
,769 
1,789 
[,800 


1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 


Height 
above 


FedL 
0 
125 
375 
448 
935 
1,000 
1,312 
1,625 
1,810 
2,300 
2,520 
2,625 
3,187 
3,220 
3,250 
8,310 
3,825 
3,434 
3,750 
3,775 
4,076 
4,200 
4,575 
4,625 
4,750 
5,100 
5,375 
5,818 
5,940 
6,076 
6,240 
6,500 
6,620 
6,900 
7,180 
7,883 
7,622 
7,808 


Fall  per 
mile. 


Fed, 


0.8- 

L3 

L6 

2.9 

L4 

6.2 

6.3 

6.2 

8.2 

22.0 

7.0 

8.6 

1.3 

2.0 

1.6 

1.2 

1.8 

31.2 

1.9 

2.5 

6.25 

4.4 

0.6 

2.8 

10.0 

13.8 

6.3 

4.2 

4.5 

5.2 

13.0 

10.0 

6.3 

10.8 

13.5 

11.95 

16.9 


I 
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LITTLE   OOLOBADO   RIVER. 

This  stream  heads  in  the  southern  edge  of  the  MogoUon  Plateau,  in 
eastern  Arizona,  and  flows  nearly  northwest  to  its  junction  with  the 
Colorado.  Near  the  head  its  slope  is  steep,  but  through  most  of  its 
course  across  the  plateau,  on  the  surface  of  which  it  flows,  its  slope  is 
gentle.  Toward  its  mouth  it  begins  to  burrow  into  the  plateau,  and 
its  slope  increases,  finally,  just  before  reaching  the  Colorado,  becoming 
very  steep,  producing  a  curve  near  its  mouth  convex  upward. 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


• 

LocaUty. 

Diatanoe 

from 

mooth. 

Hefffbt 
above 

naiper 
mile. 

MOa, 

JM. 

I'beL 

Mouth ....•••••••••••••••••••• 

0 

2,625 
2,750 

6 

20.8 

16 

3,000 

25.0 

24 

3,250 

31.3 

32 

3,500 

31.3 

40 

3,750 

31.3 

50 

4,000 

25.0 

66 

4,250 

15.6 

84 

4,500 

13.9 

126 

4,750 

5.9 

158 

5,000 

7.8 

188 

5,200 

6.7 

204 

5,400 

1.3 

Near  St.  Johns. ••••....•..••.•.••••• ...... 

221 
235 

5,600 
5,800 

11.8 
14.3 

244 

6,000 

22.2 

250 

6,200 

33.3 

252 

6,400 

100.0 

254 

6,600 

100.0 

256 

6,800 

100.0 

262 

7,000 

33.3 

Head 

277 

8,000 

66.7 

SAN  JUAN  RIVER. 

This  branch  of  Colorado  River  heads  in  many  streams  flowing  south 
from  the  San  Juan  Mountains — Mancos,  La  Plata,  Los  Piflos,  and  Ani- 
mas rivers.  At  their  south  base  it  collects  the  waters  of  these  several 
branches  and  thenceforward  flows  westward  through  a  plateau  region 
to  its  junction  with  the  Colorado.    In  the  mountains  these  streams 
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have  steep  descents,  which  are  suddenly  checked  on  reaching  the 
plateau.  In  its  couree  down  the  plateau,  however,  the  slope  of  San 
Juan  River  Is  by  no  means  gentle  or  regular.  A  feature  of  the  slope 
of  this  river  is  the  increase  in  its  grade  toward  its  mouth,  showing 
that  the  parent  stream,  the  Colorado,  has  thus  far  been  able  to  cut  its 
grade  down  more  rapidly  than  the  smaller  stream. 

The  profiles  of  this  river  and  its  branches  have  been  derived  mainly 
from  the  reports  of  the  Hayden  survey.  — 


Locality. 


Mouth 

Bluff  City 

Four  miles  below  mouth  of  Montezuma  Creek 
Mouth  of  McElmo  Creek 

Mouth  of  Mancos  River 

Pictured  Rocks 

Mouth  of  La  Plata  River 

Mouth  of  Animas  River 

Mouth  of  Los  Pinos  River " 

Mouth  of  Piedra  River 

Pagosa  Springs 


Distance 

from 
mouth. 


MUe*. 

0 

16 

58 

80 

98 

107 

118 

130 

143 

164 

186 

197 

200 

240 

265 

303 


Height 
above 


FetL 

3,310 

3,500 

3,750 

4,000 

4,250 

4,390 

4,510 

4,540 

4,700 

4,880 

5,180 

5,297 

5,310 

5,750 

6,000 

7,095 


Fall  per 
mile. 


I 


Fed. 


1L8 
5.9 

n.4 

13.9 
15.6 
10.9 

2.5 
12.3 

8.6 
13.6 
10.6 

4.3 
11.0 
10.0 
28.8 


BIO  MANGOS,  COLORADO. 


Locality. 


Mouth 


Merritt  ranch. 


Distance 

from 
mouth. 


0 
12 
22 
32 
38 
52 
62 


Height 
above 


Feet, 

4,700 

4,900 

5,270 

5,730 

6,250 

7,360 

9,770 


Fall  per 
mile. 


Feet 


16.7 
37.0 
46.0 
86.7 
79.3 
24L0 
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LA  PLATA   BIYER,  GOLOBADO. 


ANIMAS   BIVER. 


LocaUty. 

• 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Mouth 

Maes. 
0 
10 
22 
38 
43 

Feet. 

5,297 

5,500 

6,270 

7,922 

8,500 

Fert. 

30.3 

64.2 

103.3 

115.6 

X^rpott  City  .............................. 

Locality. 


Mouth 

Mouth  of  Florida  River. 
Foot  of  Animas  park  . . . 
Head  of  Animas  park. . . 
Mouth  of  Cascade  Creek 

Foot  of  Bakere  park 

Head  of  Bakers  park  . . . 
Divide  at  head 


Distance 

from 

mouth. 


JAZa. 

0 

38 

66 

70 

80 

97 

105 

113 


Height 

above 

sea. 


Feet. 
5,310 
6,106 
6,600 
6,900 
7,700 
9,400 
9,900 
12,500 


LOS  PINGS  RIVER,  COLORADO. 


Locality. 


Distance 

from 

mouth. 


Mouth 

Trail  crosses 

Big  bend 

Mouth  of  Vallecito  Creek. 
Mouth  of  West  Branch . . . 

Trail  leaves  stream 

Weeminuche  pass 


Miles. 
0 
33 
42 
48 
60 
69 
75 


Height 

above 

sea. 


Feet. 
5,750 
6,680 
7,288 
7,688 
8,688 
9,888 
10, 670 


Fall  per 
mile. 


Feet. 


20.9 
27.4 
21.4 
80.0 

100.0 
62.5 

325.0 


Fall  per 
mile. 


f^et. 


28.2 
67.6 
66.7 
83.3 
133.3 
130.3 
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GRAND  RIVER,  0OIX>RADO. 
[The  profiles  of  this  river  and  ita  branches  are  from  the  reports  of  the  Hayden  sairey.] 


Locality. 


Mouth 

Mouth  of  Dolores  River , 

Horseshoe  bend 

Head  of  low  canyon 

Mouth  of  GunniBon  River 

Mouth  of  Roan  Creek 

Mouth  of  North  Mam  Creek . . 

Mouth  of  Roaring  Fork 

Mouth  of  Eagle  River 

Foot  of  canyon  in  Fftrk  Range 

Mouth  of  Muddy  Creek 

Hot  Springs 

Forks 

Grand  Lake,  Middle  Park 


Distance 

from 
mouth. 


Miles. 

0 

52 

70 

104 

120 

152 

188 

209 

228 

295 

302 

320 

344 


Height 
aboye 


FeeL 

3,776 

4,250 

4,300 

4,500 

4,528 

5,100 

5,645 

5,743 

6,125 

7,000 

7,180 

7,715 

8,123 

8,153 


Fall  per 
mile. 


Jnet. 


9.1 

2.8 

5.9 

1.4 

18.0 

15.1 

4.7 

20.1 

13.1 

26.7 

29.7 

17.0 

7.5 


RIO  DOLORES,  COLORADO. 


Locality. 


Mouth 

Mouth  of  Unaweep  Canyon 

Mouth  of  San  Miguel  River 

In  P&radox  Valley 

Mouth  of  Disappointment  Creek 
Mouth  of  Lost  Canyon 


Distance 

from 

mouth. 


MUet. 
0 
21 
43 
49 
83 
134 


Height 
abore 


fbeL 

4,250 

4,600 

5,000 

5,100 

6,600 

6,960 


PUl  per 
mile. 


16.7 

ia2 

16.7 

41.2 

8.8 
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GUNNISON  RIYEB. 


Locality. 


Month 

Month  of  Ronbideau  Creek  . . 
Month  of  Unoompahgre  River 

Month  of  North  Fork 

Month  of  Cebolla  Creek 

Month  of  Lake  Fork 

Month  of  White  Earth  River. 

Foot  of  open  valley 

Mouth  of  Tomichi  Creek 

Month  of  Slate  River 

Head  of  npper  canyon 

Month  of  PtoB  Creek 

Head 


Distance 

from 

mouth. 


MUa. 

0 

40 

45 

62 

97 

112 

123 

130 

141 

157 

176 

185 

200 


Height 
above 


Ftei. 
4,523 
4,925 
5,100 
5,405 
6,800 
7,213 
7,450 
7,638 
7,725 
8,176 
9,576 
9,865 
11,000 


Fall  per 
mile. 


Feel. 


10.1 
35.0 
17.9 
39.8 
27.5 
21.5 
26.9 
7.9 
28.2 
73,7 
32.1 
75.7 


X7N0OMPAHORE   RIYER. 


Locality. 


Month 

Ford  of  Salt  Lake  road  . . . 

TJncompahgre  Agency 

Month  of  Dallas  Fork 

Lower  end  of  canyon 

Lower  end  of  small  valley 

Head  of  small  valley 

Divide  at  head 


Distance 

from 
month. 


MUa. 
0.0 
29.5 
40.0 
54.5 
68.5 
72.5 
74.5 
78.5 


Height 

above 

sea. 


Feel. 
5,100 
5,800 
6,400 
7,000 
8,000 
9,500 
9,700 
11,100 


Fall  per 
mile. 


J%^. 


23.7 

57.1 

41.4 

71.4 

375.0 

100.0 

350.0 
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LAKE   FORK   OF  GUNNISON. 


Locality. 


Mouth 

Mouth  of  Indian  Creek . . 
Mouth  of  Goodwin  Creek 
Mouth  of  South  Branch. . 

Valley 

Head 


Distance 

from 
mouth. 


Mile». 
0.0 
15.0 
38.0 
51.0 
56.5 
59.0 


Height 

above 

sea. 


IleeL 
7,213 
7,860 
8,660 
9,860 
11,060 
13,260 


Fal]  per 
mile. 


Fixi. 


43.1 

38.1 

80.0 

218.2 

880.0 


ROARING   FORK. 


Locality. 


Distance 

from 

mouth. 


Mouth 

Mouth  of  Rock  Creek 

Mouth  of  Frying-pan  Creek 

Mouth  of  Castle  Creek 

Mouth  of  DiflScult  Creek. . . 

Mouth  of  Hunter  Creek 

Head...' 


Height 
above 

sea. 


FeeL 
6,743 
6,000 
6,626 
7,942 
8,241 
9,400 
11, 676 


EAGLE   RIVER,  COLORADO. 


Locality. 


Mouth 

Head  of  canyon 

Mouth  of  Gore  Creek 

Mouth  of  Roche  Moutonn^e  Creek 

Mouth  of  Homestake  Creek 

Head  in  Tennessee  pass 


Distance 

from 
mouth. 


Miiea. 
0 
29 
41 
45 
50 
62 


Height 

above 

sea. 


6,125 
7,065 
7,700 
7,856 
8,693 
10, 418 


Fall  per 
mile. 


I 

-I 


JPteL 

21.4 

48.2 

73.1 

59.8 

165.6 

252.9 

Fall  per 
mile. 


IbeL 


32.4 

52.9 

39.0 

167.4 

143.7 
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SEVIER  RIVER. 

Sevier  River  heads  in  the  plateaus  in  southern  Utah,  and  flows  for  a 
long  distance  northward  through  valleys  separating  plateaus  and 
mountain  ranges,  with  a  steep  but  gradually  diminishing  slope.  In 
central  Utah  it  turns  sharply,  flowing  west  in  a  canyon  through  the 
Canyon  Range,  where  its  descent  is  somewhat  steeper,  and  out  into 
Sevier  Desert,  through  which  it  flows  with  a  very  gentle  slope  to 
Sevier  Lake,  into  which  it  sinks. 

The  profile  is  derived  from  the  atlas  sheets  of  the  United  States 
Geological  Survey. 


Locality. 


Sevier  Lake,  mouth. 

Near  Deseret 

In  canyon , 

Above  Salina 

Joseph 


Circle  VaUey, 


Near  Pangoitch 
Near  Hillsdale . 


Head. 


Distance 

from 
mouth. 


MUa. 

0 

34 

88 

152 

180 

189 

205 

223 

243 

255 

265 

271 

279 


Height 
above 


4,600 
4,638 
4,750 
5,000 
5,250 
5,500 
5,750 
6,000 
6,250 
6,500 
6,750 
7,000 
7,500 


Fall  per 
mile. 


Feet. 


1.1 
2.1 
,3.9 
8.9 
27.8 
15.6 
13.9 
12.5 
20.8 
25.0 
41.7 
62.5 


BEAB  RIVER. 

Bear  River  heads  in  the  northern  slope  of  Uinta  Mountains  in 
northeastern  Utah.  The  steep  slope  of  the  mountain  side  is  succeeded 
by  a  comparatively  gentle  slope  as  it  flows  northward  through  a  suc- 
cession of  broad  valleys.  At  Soda  Springs  it  turns  sharply  upon  itself 
and  flows  nearly  south,  and  immediately  descends  from  the  surface  of 
a  basalt  flow  to  its  base,  producing  a  succession  of  falls  and  rapidn. 
Through  Cache  Valley  its  slope  is  very  gentle,  but  at  The  Gates,  where 
it  emerges  from  Cache  Valley  into  the  valley  of  Great  Salt  Lake,  it 
has  a  steep  descent  in  a  series  of  rapids. 
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The  profile  is  from  the  measurements  of  the  Hayden  survey. 


Locality. 


Mouth 

Hampton  Bridge 

Head  of  Gates 

Mouth  of  Battle  Creek 

Foot  of  canyon  below  Gentile  Valley. . 
Head  of  canyon  below  Gentile  Valley . 

Bend  below  Sheep  Rock 

Soda  Springs 

Foot  of  canyon  above  Bear  l^ke  Valley 
Mouth  of  Smith  Fork 

Bend 

Evanflton 

Head 


Distance 

frum 

mouth. 


MUei. 

0 

24 

30 

66 

73 

88 

113 

125 

151 

171 

201 

216 

243 

251 

270 

320 


Height 

above 

sea. 


Fed. 
4,218 
4,353 
4,450 
4,499 
4,609 
4,692 
5,737 
5,855 
5,900 
5,989 
6,223 
6,254 
6,353 
6,505 
6,800 
11,000 


1.7    , 

1 

4.5 

7.8 

2.1 

3.7 

19.0 

1 

15.5 

84.0 

1 

HUMBOLDT  BTVEB. 

This  river  of  Nevada  heads  in  the  northeastern  part  of  the  State  and 
flows  southwestward,  sinking  in  Humboldt  Lake,  in  the  western  part 
of  the  State.  In  its  course  of  more  than  300  miles  it  flows  almost 
directly  across  the  series  of  uplifts  forming  the  Basin  ranges,  but  in 
most  cases  it  passes  through  broad  gaps  in  these  ranges  rather  than  in 
canyons.     The  drainage  Imsin  is  32,148  square  miles. 

The  profile  is  from  the  Fortieth  Parallel  Survey. 


Locality. 


Humboldt  Lake,  sink 

Lovelock 

Oreana 

Homboldt 

Raspberry 

Winnemucca 

€K)lconda 

Stonehouse 

Battle  Mountain  .* 

Shoshone 


DiBtance 

from 
mouth. 

Height 

above 

0ea. 

Mites. 

FeeL 

0 

3,900 

8 

3,950 

20 

4,150 

40 

4,200 

68 

4,300 

90 

4,325 

108 

4,350 

133 

4,400 

153 

4,500 

178 

4,600 

Fall  per 
mUe. 


neL 


6.3 
16.7 
2,5 
3.6 
LI 
L4 
2.0 
5.0 
4.0 


OAMHKTT.J 


OALIFOBKIA   STBEAMS. 


91 


Locality. 


Palisade 

Moleen 

Osino 

Halleck 

Beeth 

Humboldt  Wells . . . 
Independence,  head 


Difltance 
from 


JTOa. 
203 
223 
244 
258 
272 
292 
308 


Height 
abOTO 


FseL 

4,800 

4,975 

5,100 

5,200 

5,300 

5,600 

6,000 


Fall  per 
mJle. 


Feet. 
8.0 
8.8 
5.9 
7.1 
7.1 
15.0 
25.0 


SACKAMEKTO  RIVEB. 

Sacramento  River  heads  in  the  mountains  of  northern  California, 
principally  in  the  easternmost  of  the  coast  ranges.  Its  head  streams, 
upon  reaching  the  great  depression  between  the  Sierra  Nevada  and  the 
Coast  Ranges,  turns  south  and  by  a  steep  descent  in  a  deep  canyon  it 
flows  off  a  volcanic  plateau  which  surrounds  Mount  Shasta.  Having 
reached  the  level  of  the  great  California  Valley,  its  slope  rapidly 
diminishes,  and  below  Red  Bluff  becomes  very  slight.  Indeed,  from 
Sacramento  to  the  bay  the  descent  is  trifling,  the  river  meandering 
most  of  the  way  through  great  tule  marshes. 

This  river  has  been  in  times  past  overloaded  with  detritus  from 
placer  mines,  which  have  caused  it  to  deposit  freely,  building  up  its 
course  above  the  adjacent  country.  Much  of  the  city  of  Sacramento 
lies  at  present  below  the  level  of  the  river  when  in  flood  and  is  Dro- 
tected  from  it  by  levees. 

The  profile  is  from  the  levels  of  the  Engineer  Corps,  U.  S.  A. 


liocality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

New  York  landing 

Miles. 

0 

3 

17 

37 

54 

64 

84 

99 

120 

156 

167 

171 

Jferf. 

0 

0 

1 

5 

7 

9 

16 

20 

27 

43 

57 

62 

Feet. 

0.1 

0.1 

0.2 

0.35 

0.3 

0.3 

0.5 

1.2 

1.3 

Collinsville 

Rio  Vista 

Head  of  Grand  Inland 

Heaoook  nhoalfl 

Sacramento 

Mouth  of  Feather  River 

Kniflrht  landinir 

Winn  landine 

Ooliifla 

Caldins 

.TobiH  R^HHW  landincr .  .    . 
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Locality. 


Princeton 

Butte 

Jacinto 

Parrott  landing  . . . 

Monroeville 

Chico  landing 

Bid  well  landing. . . 

Gazelle  chute 

Squaw  Hill 

Tehama 

Sacramento  bar  . . . 

Last  Chance 

Red  Bluff 

Near  Buckeye 

Delta 

Southern 

Upper  Soda  Spring 

Head 


Distance 

from 
mouth. 

Height 

above 

sea. 

Fall  per 
mile. 

Maes, 

FeeL 

FeeL 

175 

67 

1.3 

180 

73 

1.2 

192 

93 

1.7 

195 

98 

1.66 

203 

110 

1.5 

209 

119 

1.5 

214 

128 

1.8 

230 

157 

L8 

236 

168 

1.8 

247 

201 

3.0 

255 

225 

3.0 

261 

237 

2.0 

265 

245 

2.0 

306 

400 

3.8 

326 

600 

10.0 

344 

800 

11.1 

356 

1,000 

16.7 

364 

1,200 

25.0 

368 

1,600 

lOO.O 

379 

2,000 

36.4 

384 

3,000 

200.0 

399 

7,000 

266.7 

PIT  RIVER, 

[From  the  atlas  sheets  of  the  United  States  Geological  Survey.] 


Locality. 


Mouth 


Near  Fall  River  mills 

Above  Pittville 

Foot  of  Big  Valley . . 

Canby 

AlturasHill 

Goose  Lake 


Distance 

from 
mouth. 

Height 

above 

sea. 

Feillper 
mile. 

Miles. 

/M. 

I>et. 

0 

687 

13 

1,000 

24.1 

17 

1,200 

50.0 

31 

1,400 

14.3 

40 

1,600 

22.2 

47 

1,800 

28.6 

51 

2,000 

50.0 

75 

3,000 

41.7 

86 

3,400 

36.4 

107 

4,000 

28.6 

127 

4,200 

10.0 

152 

4,350 

6.0 

176 

4,446 

4.0 

196 

4,800 

17.7 

6AKNETT.] 
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OTHER  CALIFORNIA   RIVERS. 

The  Sierra  streams.  Feather,  American,  Yuba,  Mokelumne,  Cala- 
veras, Stanislaus,  Tuolumne,  and  Cosumnes  rivers,  are  all  character- 
ized by  extremely  steep  and  irregular  slopes. 

Pit  River  is  one  of  the  largest  branches  of  the  Sacramento.  It  heads 
in  Goose  Ijake,  in  northeastern  California.  For  some  distance  below 
the  lake  it  has  a  comparatively  gentle  course.  It  cuts  its  way  through 
the  Sierra  Nevada  in  a  deep  gorge,  in  the  upper  part  of  which  the 
slope  is  gentle,  but  after  passing  the  divide  of  the  range  its  course 
becomes  extremely  steep,  and  this  slope  is  maintained  with  but  little 
diminution  to  its  mouth. 

FEATHER  RTVEB. 


Locality. 


Mouth 

Nicolaus 

Yuba  River 

Burt  ferry 

Oroville 

Middle  Fork 

West  Branch 

Upper  end  Big  Bend 

Buck  Creek 

Chip  Creek 

East  Branch 

Carriboo 

Bidwell  bridge 


Distance 

from 
mouth. 


Miles. 

0 

10 

20 

44 

57 

64 

73 

85 

104 

112 

115 

121 

136 


Height 

above 

sea. 


I\eeL 

0 

9 

21 

56 

100 

198 

648 

1,080 

1,954 

2,370 

2,559 

2,949 

4,678 


Fall  per 
mile. 


Fed. 


0.9 

1.2 

1.5 

3.4 

14.0 

50.0 

36.0 

46.0 

52.0 

63.0 

65.0 

115.3 


YUBA  RIVER. 


Locality. 


Mouth,  Marysville 

Long  bar 

Forks,  North  and  South 

Forks  of  North  Fork 

Up  North  Fork,  Slate  Range  bar 

Downieville 

Loganville 

Tehuantepec  Valley 


Distance 

from 
mouth. 


Miles, 
0 
15 
28 
36 
53 
70 
78 
90 


Height 

above 

sea. 


Fed. 

60 

100 

500 

1,000 

2,000 

3,000 

4,000 

6,700 


Fall  per 
mile. 


Fed. 


2.6 
30.8 
62.5 
58.8 
58.8 
125.0 
225.0 
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AMERICAN   RIVER. 


Locality. 

Distance 

from 
mouth. 

Height 

above 

sea. 

FUlper 

mile. 

m 

Miles, 

w»-  -■« 

roSu 

i%ie£. 

Mouth  at  Sacramento 

0 
23 

10 
100 

3.9 

Forks  

28 
37 

200 
300 

20.0 
11.1 

Up  North  Fork 

41 

400 

25.0 

• 

44 

500 

33.3 

Mouth  Middle  Fork 

48 
56 

600 
700 

25.0 
12.5 

59 

800 

33.3 

Toll  House 

66 

1,000 
1,500 

28.6 

77 

45.5 

Mouth  of  North  Fork 

83 

2,000 

83.3 

94 

3,000 

90.9 

100 

4,000 

166.7 

106 

5,000 

200.0 

112 

6,000 

142.8 

118 

8,500 

416.7 

OOBUMNES  RIVER. 


Locality. 


Mouth,  Benson  biidge. . 

Forks,  North  and  South 

Up  North  Fork 

Sweeney 1 

Dyer  mill 

Head 


Distance 

from 

mouth. 


Mik8. 
0 
25 
34 
44 
47 
54 
66 
72 
78 
83 
89 
93 


Height 
aboTe 


25 

100 

200 

500 

800 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,500 


Fall  per 
mile. 


Feti. 


3.0 

U.l 

30.0 

100.0 

28.6 

83.3 

166.7 

166.7 

200.0 

166.7 

375.0 
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MOKELUMNE  RIVER. 


LocaUty. 

Distance 

from 

mouth. 

Height 

aboTe 

sea. 

Fallper 
mile. 

MUa. 

Fed. 

fbet. 

Jxiiifitioti  with  Oocnimnes  BivQr 

0 

28 

26 
100 

2.7 

39 

200 

9.1 

47 

500 

37.5 

58 

1,000 

45.5 

• 

66 

2,000 

125.0 

78 

3,000 

83.3 

90 

4,000 

83.3 

98 

5,000 

125.0 

103 

6,000 

200.0 

Hennit  Valley 

109 

7,000 

166.7 

Head 

116 

8,000 

142.9 

CALAVERAS  RIVER. 


LocaUty. 


Moath. 

Bellota 


Distance 

from 

mouth. 


Jfifes. 
0 
23 
44 
51 
68 


Height 
above 


5 

100 

200 

500 

1,000 


Fallper 
mile. 


FeeL 


4.1 

4.8 

42.9 

29.4 


STANISLAUS  RIVER. 


LocaUty. 

Distance 

from 

mouth. 

Height 
above 

sea. 

Fttllper 
mile. 

MUea. 

Fed. 

Feet. 

Mouth 

0 
26 
65 

30 

200 

1,000 

6.5 
20.5 

Oakdale 

F&rrott  ferrv 

Forks — - 

75 
79 

1,300 
2,000 

30.0 
175.0 

83 

3,000 

250.0 

89 

4,000 

166.7 

97 

5,000 

125.0 

102 

6,000 

200.0 

113 

8,  "000 

18L8 
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TUOLUMNE   RIVEIL 


Locality. 


Distance 
I       from 
I     mouth. 


Mouth  .. 
Lagrange 

Forks  . . . 

Canyon  . 


Head  of  can  von 
Meadows 


Miles. 

0 

50 

59 

74 

79 

87 

98 

109 

125 

133 

137 

138 

141 

144 

154 

155 


Height 
above 


Fall  per 
mile. 


Feet 

40 

300 

500 

1,000 

1,200 

1,600 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

8,500 

9,000 

10,000 


f\seL 


5.2 

22.2 

33.3 

40.0 

50.0 

36.4 

90.9 

62.5 

125.0 

250.0 

1,000.0 

333.0 

167.0 

50.0 

1,000.0 


KLAMATH  RIYER. 

Klamath  River  heads  in  Klamath  Lake,  in  southern  Ore^n,  and 
flows  westward  through  the  Coast  Mountains  by  a  somewhat  sinuous 
coui-se  to  the  Pacific.  It  has  a  rapid  and  an  extremely  irregular  fall, 
showing  that  its  existence  under  the  present  topographic  conditions 
has  been  brief.     Its  drainage  basin  is  14,660  square  miles. 

The  profile  is  from  the  atlas  sheets  of  the  United  States  Geological 
Survey. 


( 

Locality. 

Distance 

from 

mouth. 

Height 

ahore 

sea. 

Fall  per 
mile. 

Miiet. 

IM. 

Ibet 

Mouth 

0 
127 

0 
1,800 

14.2 

146 

2,000 

10.5 

158 

2,200 

16.7 

159 

2,400 

200.0 

161 

2,600 

100.0 

177 

2,800 

12.5 

185 

3,800 

125.0 

194 

4,000 

22.2 

Linkville,  outlet  Klamath  Lake 

214 

4,186 

9.3 

GAKNETT.] 
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CX>LUMBIA   MVEB. 

Columbia  River,  inclading  Clark  Fork,  beads. in  tbe  Rocky  Moun- 
tains, west  of  Helena,  Montana.  Its  slope  is  great  from  its  bead  to 
tbe  crossing  of  tbe  Nortbern  Pacific  Railroad,  below  tbe  moutb  of  Flat- 
bead  River.  In  nortbern  Idabo  it  flows  tbrougb  Lake  Pend  Oreille, 
and  below  tbat,  in  its  nortbward  course  to  tbe  international  boundary, 
it  bas  a  steeper  descent.  In  tbis  part  of  its  course  it  is  in  a  deep 
canyon.  Tbenceforward  for  several  bundred  miles  it  bas  a  gentle 
slope,  interrupted  by  rapids  of  no  great  magnitude  until  Kettle  falls 
are  reacbed.  Otber  rapids  succeed,  tbe  most  formidable  being  Rock 
Island  rapids,  wbicb  form  a  complete  obstruction  to  navigation.  In 
its  lower  course  in  passing  tbe  Cascade  Range  it  encounters  two  notable 
rapids,  tbe  Cascades  and  tbe  Dalles,  botb  of  wbicb  interrupt  navigation. 

Tbe  entire  drainage  area  of  Columbia  River  is  216,537  square  miles, 
about  balf  of  wbicb  belongs  to  Columbia  River  proper,  and  balf  to  its 
main  brancb.  Snake  River. 

Tbe  profile  of  tbe  Columbia  is  in  part  from  tbe  work  of  Lieutenant 
Symons,  in  part  from  tbe  atlas  sbeets  of  tbe  United  States  Geological 
Survev. 


Locality. 


Mouth 

Mouth  of  Snake  River 

Bock  Island  rapids 

Wenatchee 

Orondo 

Troy 

Chelan  Calls 

Mouth  of  Methow  River. . 

Virginia  City 

Mouth  of  Okanogan  River 
Mouth  of  Spokane  River  . 

Below  Grand  rapids 

Below  Kettle  falls 

Above  Kettle  falls 

North  boundary 

Pend  Oreille  Lake,  foot . . . 
Pend  Oreille  Lake,  head . . 

Crofismg  N.  P.  R.  R 

Missoula 

Near  Bonita 


Distance 

from 
mouth. 


Miles. 
0 
312 
331 
466 
473 
494 
504 
515 
536 
542 
546 
655 
692 
699 
699 
740 
854 
881 
930 
1,072 
1,097 


Height 

above 

sea. 


Feet. 

0 

145 

400 

594 

618 

665 

680 

700 

750 

760 

770 

1,073 

1,167 

1,191 

1,224 

1,305 

2,062 

2,062 

2,298 

3,191 

3,621 


Fall  per 
mile. 


Fed. 


IRK  44 — 01 
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[NO.  44. 


WILLAMETTE  BIVER. 

This  river,  one  of  the  main  southern  branches  of  the  Columbia  in 
Oregon,  heads  in  the  Cascade  Kange.  Flowing  down  its  slopes  to  the 
center  of  the  Willamette  Valley,  it  turns  nortiiward  and  pursues  this 
course  to  its  junction  with  the  Columbia,  just  below  the  city  of  Port- 
land. The  profile  represents  only  a  portion  of  its  course  in  the 
Willamette  Valley.  It  shows  a  fairly  uniform  slope,  gradually -dimin- 
ishing downward  until  the  falls  at  Oregon  City  are  reached,  where 
there  is  an  abrupt  drop  of  41  feet,  with  a  second  drop  just  below  it,  at 
Clackamas  rapids,  amounting  to  5i  feet. 

The  drainage  basin  of  the  Willamette  River  is  11,700  square  miles. 

The  profile  is  from  the  levels  of  the  Engineer  Corps,  U.  S.  A. 


Locality. 


Month  .r 

Portland 

Foot  of  Clackamas  rapids . 
Head  of  Clackamas  rapida 
Oregon  City,  below  falls  . . 
Oregon  City,  above  falls  . . 

Rogers  landing 

Salem 

Independence 

Albany 

Corvallis 

Peoria 

Harrisbarg 

Eugene 


Distance 

from 
mouth. 


0 

12 

2S 

24 

26 

26 

49 

d4 

95 

119 

131 

144 

164 

184 


Height 
above 


JfWU 

0 

0 

0.5 

6 

6 
47 
50 
107 
129 
165 
184 
216 
286 
396 


Fall  per 
mile. 


JreeL 


5.5 


0.1 
1.6 
2.0 
1.5 
1.6 
2.5 
3.5 
5.5 
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FLATHEAD  RIVEB. 


Flathead  River  heads  in  Canada  and  flows  southward,  first  with  a 
steep  and  then  with  a  gentle  slope,  into  Flathead  Lake.  Below  this 
lake  it  turns  to  the  west  and  joins  the  Columbia. 

Its  profile  is  in  part  from  the  levels  of  the  Northern  Pacific  Railway, 
in  part  from  the  atlas  sheets  of  the  United  States  Geological  Surve3\ 


Locality. 


Dlfltance 

from 
moath. 

Height 

above 

■ea. 

Fall  per 
mile. 

JfOec 

0 

16 

81 

101 

151 

168 

186 

Jferf. 

2,410 

2,464 

2,874 

2,874 

3,000 

3,400 

3,800 

1 

3.6 
6.2 

2.5 
23.5 
22.2 

Moath 

Orossin^  si*  P.  a.  a........ a..... ...... 

Flathead  Lake,  foot 

Flathead  Lake,  head 

Near  north  boundary 

SNAKE   BFTEB. 

Snake  River  heads  in  Shoshone  Lake  in  Yellowstone  Park,  thence  it 
flows  through  Lewis  Lake  and,  at  the  head  of  Jackson  Hole,  through 
Jackson  Lake.  Below  the  latter  lake  it  has  a  steep  descent,  which  is 
greatly  increased  in  the  canyon  through  which  it  passes  from  Jackson 
Hole  to  Snake  River  plains.  Here  it  flows  on  the  surface  of  a  basalt 
field,  and  its  course  for  some  distance  is  extremely  slu^ish,  through  a 
broad  extent  of  marshes.  It  soon,  however,  begins  to  cut  into  the 
basalt  and  to  quicken  its  course  to  such  an  extent  that  it  was  in  the 
early  days  caUed  Mad  River. 

In  descending  from  bench  to  bench  in  this  basalt  field,  produced  by 
successive  flows  of  lava,  it  has  falls,  American  falls  near  the  mouth 
of  Portneuf  River,  and  Shoshone  falls,  lower  down.  Below  Shoshone 
falls  its  slope  is  quite  gentle  for  a  long  distance,  but  increases  greatly 
in  the  canyon  by  which  it  cuts  through  the  Blue  Mountains.  Below 
this  canyon  the  slope  to  its  mouth  is  very  gentle.  It  is  navigable  to 
Lewiston,  Idaho. 

It  is  a  large  stream,  having  a  total  length  of  939  nliles  and  a  drain- 
age area  of  103,835  square  miles,  or  nearly  half  that  of  Columbia 
Kiver. 


100 


PROFILES    OF   RIVERS   IK   THE   UlSTITED   STATES. 


[ira  44. 


The  prolile  is  almost  entirely  from  the  atlas  sheets  of  the  United 
States  Geological  Survey. 


Locality. 


Mouth 

AVeiser 

Mouth  of  Malheur  and  Payette  rivers 


Glenns  Ferry 


Mouth  of  Rock  Creek  . . . 
Mouth  of  Portneuf  River 
Anderson 


Mouth  of  Salt  River 

In  can  von 

Mouth  of  Gros  Ventre  River 

Mouth  of  Lake  Creek 

Foot  of  Jackson  Lake 

Lewis  Lake 

Shoshone  Lake 


Distance 

from 
mouth. 


Miles. 
0 
306 
324 
363 
391 
417 
430 
480 
602 
620 
644 
669 
682 
750 
807 
823 
855 
867 
887 
931 
939 


Feet. 

145 
2,123 
2,152 
2,200 
2,230 
2,300 
2,350 
2,500 
4,190 
4,205 
4,242 
4,335 
4,362 
5,030 
5,363 
5,909 
6,227 
6,440 
6,808 
7,720 
7,746 


Foil  per 
mile. 


FfXt. 

6.5 

1.6 

L2 

LI 

2.7 

3.8 

3.0 

13.9 

0.8 

L5 

3.7 

2.1 

9.8 

5.8 

34.1 

9.9 

17.7 

18.4 

20.7 

2.5 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  D.  C,  January  2^,  1901, 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Prof.  Albert  E.  Chandler,  of  the  University  of  California,  giving 
the  results  of  a  study  of  the  storage  i>08sibilities  of  Cache  Creek 
Basin,  California,  and  to  recommend  that  it  be  printed  in  the  series 
of  Water-Supply  and  Irrigation  Papers. 

The  investigations  upon  which  this  report  is  based  are  a  part  of  a 
series  carried  on  under  the  general  direction  of  Mr.  J.  B.  Lippincott, 
Mem.  Am.  Soc.  C.  E.,  resident  hydrographer  in  California.  Mr.  J.  H. 
Quinton,  Mem.  Am.  Soc.  C.  E.,  has  assisted,  in  the  capacity  of  cx»n- 
sulting  engineer,  in  the  preparation  of  the  plans  and  estimates.  For 
this  survey  financial  assistance  was  rendered  by  the  Calif ornia  Water 
and  Forest  Association  and  by  the  Woodland  Chamber  of  Commerce. 
Field  work  consisted  of  a  reconnaissance  throughout  the  entire  drain- 
age basin — ^all  localities  being  visited  which  were  considered  suitable 
for  reservoir  sites — ^and  of  measurements  of  the  flow  of  the  stream  and 
its  various  tributaries.  The  time  spent  in  the  field  was  from  June  21, 
1900,  when  a  start  was  made  from  Woodland,  to  July  28,  1900. 

Eleven  years  prior  to  the  time  of  this  reconnaissance,  or  in  1889, 
a  topographic  map  of  Clear  Lake  and  its  outlet  was  made  by  the 
Irrigation  Survey,  the  results  of  that  survey  being  printed  in  the 
Thirteenth  Annual  Report  of  the  United  States  Geological  Survey, 
Part  m,  beginning  on  page  405.  At  a  later  period  various  power 
companies  made  studies  of  the  outlet  of  the  lake,  and  in  1888  the 
Southern  Pacific  Railroad  made  a  preliminary  survey  from  Rumse}^ 
lip  Cache  Creek  Canyon  to  the  lake.  A  considerable  portion  of  the 
data  accumulated  by  those  surveys  has  been  assembled  and  emploj'^ed 
in  this  report. 

Acknowledgment  is  dae  to  Mr.  Ferdinand  Formhalz,  of  the  old 
Clear  Lake  Power  Company;  to  Mr.  Richard  Wylie,  of  the  new  power 
company;  and  to  the  engineering  office  of  the  Southern  Pacific  Rail- 
road Company,  for  assistance  given.  Thanks  should  also  be  extended 
to  the  many  recorders  of  rainfall  and  lake  levels  who  gratuitously 
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furnished  what  data  they  had,  and  to  Mr.  J.  M.  Wilson,  of  the  United 

States  Department  of  Agriculture,  who,  during  the  year  1 900,  mad*- 

a  thorough  study  of  the  water  rights  and  the  irrigation  systems  of 

Yolo  County.     Mr.  Wilson  kindly  furnished  the  data  bearing  upon 

the  pumping  plants,  as  well  as  much  information  concerning  the 

ditches  herein  described. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  hi  Chary t^. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 


WATER  STORAGE  ON  CACHE  CREEK, 

CALIFORNIA. 


Bv  Albert  E.  Chandler. 


liOCATION  AND  PHYSICATj  FEATURES. 

the  Creek,  the  only  known  outlet  of  Clear  Lake,  is  situated  in 

County,  California,  about  75  miles  north  of  San  Francisco. 

the  lake  the  creek  flows  easterly  to  the  comer  of  Lake,  Colusa, 

folo  counties,  thence  across  Yolo  County  to  the  sink  8  miles 

east  of  Woodland. 

irteen  miles  from  the  lake  the  main  stream  is  joined  by  the 
I  Fork,  often  called  Cache  Creek.  This  branch  drains  the  coun- 
the  north  and  east  of  the  lake,  and  adds  very  materially  to  the 
ftge  area  of  the  creek,  but  it  is  much  smaller  than  the  stream 
the  lake  and  should  be  considered  a  tributary. 
I  drainage  area  of  the  main  creek  and  its  branches  has  been  esti- 
1  by  the  California  State  engineering  office  as  1,192  square  miles. 

TOPOGRAPHY. 

I  country  in  Lake  County  tributary  to  Cache  Creek  is  exceed- 
mountainous  and  rugged.  The  peaks  io  the  north  of  Clear 
rise  to  an  elevation  of  6,000  feet,  and  their  slopes,  as  well  as 
of  the  lower  ranges,  may  well  be  termed  precipitous.  PI.  I  is  a 
if  the  basin.  On  the  northern  slopes  of  the  ranges  near  the  lake 
agnificent  belts  of  fir,  white  oak,  and  yellow  pine.  Elsewhere, 
rer,  the  only  evidence  of  vegetation  is  a  dense  gi*owth  of  grease- 
and  chaparral.  The  interlaced  branches  of  these  shrubs  make 
36S  through  them  painfully  difficult,  but  offer  little  resistance  to 
Ing  rain  water. 

tn  the  lake  Cache  Creek  flows  through  an  open  country  for  5 
with  a  grade  of  4.53  feet  to  the  mile.  It  then  follows  Cache 
.'Canyon  for  25  miles.  For  the  first  9  miles  of  its  course  through 
myon  it  has  an  average  grade  of  40.33  feet  to  the  mile,  varying 
B0.41  feet  to  137.94  feet.  For  the  remaining  distance  the  aver- 
ope  is  about  30  feet  to  the  mile.     A  view  of  the  bed  of  the  creek 
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at  the  head  of  the  canyon  is  shown  in  PL  II,  A^  and  a  view  of  the 
creek  in  canyon  is  shown  in  PI.  II,  B, 

The  mountains  which  form  the  walls  of  the  canyon  rise  several  hun- 
dred feet  above  the  stream,  and  in  many  places  the  immediate  banks 
of  the  creek  stand  as  perpendicular  cliffs  300  feet  in  height.  The  bed 
is  generally  rendered  very  rocky  by  outcropping  sandstone  and  ser- 
pentine and  the  resulting  bowlders.  At  a  few  places  in  the  can3'OD 
settlei*s  have  taken  advantage  of  existing  benches  to  raise  small  croixs 
of  com  and  hay,  but  in  no  place  is  there  a  basin  which  might  be  used 
effectively  for  storage  purposes. 

After  leaving  the  canyon  the  creek  enters  Capay  Valley,  in  Yolo 
County,  through  which  it  winds  for  a  distance  of  28  miles,  with  a 
grade  of  9.5  feet  to  the'mile.  Cai)ay  Valley  is  20  miles  long  and  from 
1  mile  to  3  miles  wide.  It  is  hemmed  in  on  all  sides  by  hills,  to  the 
shelter  of  which  is  due  its  remarkable  productiveness.  Once  known 
merely  as  a  rich  wheat-raising  district,  it  is  fast  becoming  famous  for  it6 
early  fruits.  All  stone  fruits  seem  to  thrive  there,  and  in  the  upper  end 
of  the  valley  even  oranges  are  profitably  cultivated  on  a  small  scale. 
From  Capay  Valley  the  creek  enters  the  greater  Sacramento  Valley 
and  flows,  with  a  slope  of  4  to  6  feet  to  the  mile,  to  Tule  Basin, 
bordering  Sacramento  River.  There  its  natural  channel  ceases,  and 
its  waters  enter  a  canal  which  connects  the  sink  with  the  Tule  canal. 
The  latter  was  built  by  the  State  of  California  in  1864  to  drain  Tule 
Basin.  It  empties  into  Big  Lake  in  the  extreme  southeast  corner 
of  Yolo  County,  and  from  the  lake  its  waters  reach  the  Sacramento 
through  a  slough. 

The  soil  of  Yolo  Basin  is  for  the  most  part  a  rich  alluvial  deposit, 
small  areas  of  adobe  being  distributed  with  no  uniformity.  Mr.  J.  M. 
Wilson,  of  the  Department  of  Agriculture,  is  of  the  opinion  that 
**  there  are  75,000  acres  of  good  fruit  and  alfalfa  land  about  which 
there  is  no  question  as  to  the  use  of  water.  There  is  much  more  that, 
while  it  will  not  bear  the  reckless  use  of  water,  would,  with  proper 
drainage  and  care  in  application,  be  greatly  benefited." 

PRECIPITATION. 

Copies  of  all  of  the  rainfall  records  kept  in  Cache  Creek  Basin 
were  obtained  and  are  given  further  on.  Only  one  record  of  the 
North  Fork  region  has  been  kept,  and  that  for  only  the  last  three 
years.  Short  as  that  record  is,  however,  it  gives  an  excellent  idea  of 
extreme  variation,  since  the  precipitation  for  1899  was  almost  as  un- 
usually large  as  that  for  1898  was  unusually  small.  Unfortunately, 
the  records  given  are  not  all  continuous.  The  missing  recoi*ds  are  as 
follows:  1888,  1889,  and  1890  at  KonoTayee;  1887,  1888,  1890,  1893, 
1894,  and  1895  at  Rumsey ;  and  1891  at  Esparto.  The  averages  would 
necessarily  be  changed  somewhat  were  the  records  complete. 


;he  cheek  c*nvon. 
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The  table  on  the  next  page  gives  the  elevation,  the  length  of  record, 
and  the  maximum,  minimum,  and  average  precipitation  for  each  sta- 
tion. In  fig.  1  is  plotted  the  annual  rainfall  for  Eono  Tayee,  Lakeport, 
Kumsey,  Capay,  and  Woodland.  The  difference  in  the  records  for 
Kono  Tayee  and  LaJ^eport  is  explained  by  their  locations.  Both  are 
situated  on  Clear  Lake,  but  the  former  is  sheltered  by  the  high  bluffs 
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Flu.  L— Diagram  of  annual  rainfall  at  Kono  Tayee, Lakeport,  Bnmaey,  Capay,  and  Woodland. 


at  the  narrow  central  portion  of  the  lake,  while  the  latter  is  fully 
exx)osed  at  the  upper  end.  Rumsey  is  at  the  extreme  head  and  Capay 
at  the  extreme  foot  of  Capay  Valley,  and  Woodland  is  in  the  lower 
end  of  the  basin,  near  Sacramento  River.  Fig.  2  shows  graphically 
the  mean  monthly  precipitation  for  Kono  Tayee,  Rumsey,  and  Wood- 
land. 
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Inches.  ^ft^^^^^^^^o^AQ 


6 


RUMSEY 


WOODLAND 
Fig.  2.— Diagram  of  mean  monthly  precipitation  at  Kono  Tayee,  Ramsey,  and  Woodland. 

Precipitation  in  Cache  Creek  drainage  basin. 


Station. 


Bartlett  Springs 

Lakeport 

Eono  Tayee 

KelseyyiUe 

Rnmsey 

Gapay  

Esparto  

Woodland 

Yolo 


Eleva- 
tion. 


Feet. 

2,340 

1,336 

1,326 

1,426 

426 

220 

162 

63 

79 


Le 


ingth 
record. 


Tears, 

3 

14 

23 

6 

14 

10 

10 

22 

6 


Maximum  rain- 
fall. 


Tear. 


1890. 
1894. 
1878. 
1806. 
1892. 
1806. 
1896. 
1899. 
1894. 


Amount. 


Inches. 
47.67 
40.86 
89.63 
39.88 
36.31 
32.77 
28.45 
81.36 
22.88 


Minimum  rain- 
falL 


Year. 


1898. 
1896. 
1898. 
1898. 
1898. 
1896. 
1898. 
1808. 
1806. 


Amount. 


Inches. 

17.35 

13.50 

10.89 

14.73 

7.96 

8.68 

6.01 

9.00 

5.32 


Average 
rainfall. 


Inches. 
29.71 
28.81 
21.66 
27.04 
23.92 
23.79 
1&63 
18.25 
16.90 


Estimated 

mean 

annua] 

ndnfalL 


htchcM. 

Sb.£ 
39.  S 

SL» 

2L7S 
17.» 

US) 


The  last  column  of  the  foregoing  table  gives  the  estimated  mean 
annual  rainfall  at  Bartlett  Springs,  Lakeport,  and  KelseyviUe  for  a 
period  of  twenty-three  years,  and  at  Rumsey,  Capay,  Esparto,  and 
Yolo  for  a  period  of  twenty-two  years. 
Monthly  precipitation,  in  inches,  at  various  places  in  Cache  Creek  drainage  btisin. 

BABTLETT  SPRINGS. 
[Observer,  Bartlett  Springs  Hotel.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

0.00 
0.00 
0.00 

aoo 

Aug. 

Sept 

Oct. 

1.70 
0.00 
4.79 

Nov. 

Dec 

Annual 

1897 

1898 

3.60 

1.63 

18.14 

7.61 

6.78 
8.36 
0.00 
1.27 

5.36 
0.19 

0.75 
0.63 

0.00 
2.39 
2.47 
0.88 

0.00 
1.10 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

2.31 

1.87 

10.06 

1.28 

7.87 

24.  IS 
17  « 

1899 

8.49    0.85 

47.fl: 

1900 

0.42 

3.23 

Average  for 
3  years 

20.n 

GHANDLiER.] 


PRECIPITATION. 


15 


Monthly  precipitatioiif  in  inches,  at  various  plcuxH  in  Cache  Creek  drainage  basin — 

Contlnned. 

LAKEPORT. 
[ObBervers,  A.  M.  Reynolda  (1886-1899),  Captain  Rnmsey  (1888-1809),  and  Mr.  Force  (1893-1899).] 


Tear. 

Jan. 

Feb. 

Mar. 

1.53 
1.89 
3.06 
8.70 
0.25 
1.32 
2.60 
6.78 
1.78 
4.01 
2.75 
4.50 
0.15 
6.53 

Apr. 

May. 

June. 

July. 

0.00 
0.00 
0.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.00 
0.02 
0.00 
0.00 

Aug. 

Sept. 

Oct. 

Nov. 

0.50 
1.16 
5.56 
3.74 
0.00 
0.28 
7.92 
4.43 
0.92 
2.02 
4.17 
1.63 
1.18 
6.57 

Dec, 

Annual. 

1886 

1887 

8.18 

1.48 

6.74 

1.36 

11.68 

1.14 

4.63 

3.49 

10.69 

15.66 

14.60 

3.45 

0.58 

8.69 

0.00 
8.10 
2.16 
0.46 
4.62 
10.91 
2.78 
5.67 
7.37 
4.01 
0.54 
7.92 
6.05 
0.04 

4.80 
2.57 
0.16 
0.88 
1.69 
2.26 
2.52 
2.22 
1.54 
1.16 
5.46 
0.44 
0.58 
0.^ 

1.02 
0.20 
0.57 
2.91 
0.68 
0.80 
3.38 
0.76 
1.38 
1.30 
2.07 
0.07 
1.33 
0.44 

0.00 
0.11 
0.94 
0.16 
0.00 
0.50 
0.14 
0.00 
1.46 
0.03 
0.00 
0.69 
0.52 
0.38 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O.ffl 
0.00 
0.00 
0.03 

0.00 
0.14 
0.98 
0.00 
0.45 
1.01 
0.00 
0.68 
0.61 
1.15 
0.31 
0.05 
0.64 
0.00 

1.14 
0.00 
0.00 
8.16 
0.00 
0.25 
1.14 
0.66 
1.08 
0.01 
0.87 
1.61 
0.94 
4.07 

3.17 
3.03 
6.32 

11.60 
3.68 
6.70 
8.82 
2.80 

13.11 
4.10 
6.48 
2.07 
1.53 
5.47 

20.34 
18.77 

1888 

26.52 

1889 

37.97 

1890 

1891 

1892 

32.06 
26.20 
33.93 

1883 

1894 

1896 

27.51 
40.85 
33. 55 

1806 

38.08 

1897 

22.45 

1806 

13.50 

1809 

32.71 

Ayerase  for 
14  years . . . 

28.81 

I 

1 

Note.— The  figures  for  the  years  1887  to  1892,  inclusive,  are  the  mean  of  two  records;  those  for 
the  years  1803  to  1809,  inclusive,  are  the  mean  of  three  records. 

KONO  TAYEE. 
[Observers,  Captain  Floyd  and  F.  H.  Porter.] 


Tear. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.00 
0.29 
6.12 
0.00 
1.96 
0.33 
6.72 
1.92 
1.77 
0.88 

AnnuaL 

1875 

0.00 
0.00 
0.00 
0.00 
0.73 
0.00 
0.00 
0.00 
0.00 
0.42 
0.70 
0.77 
0.63 
0.00 
0.38 

0.00 
3.70 
1.17 
0.20 
1.65 
0.41 
0.91 
0.00 
0.63 
1.64 
0.99 
0.66 
0.23 
1.05 
0.30 

0.00 
6.25 
6.98 
3.50 
2.23 
1.37 
3.57 
3.54 
2.90 
4.42 

1874 

1.86 
9.16 
6.06 
3.17 

14.16 
3.01 
6.24 
5.50 
1.74 
1.40 
4.17 
1.47 
5.61 
0.63 
5.84 
0.94 
2.46 
3.84 
6.92 

14.34 
9.42 
2.86 
0.71 
7.74 
3.10 

3.60 
0.38 
4.22 
2.81 

11.04 
3.41 
8.85 
6.58 
3.20 
0.60 
1.91 
0.51 
0.00 
6.70 
1.20 

10.45 
2.13 
4.32 
4.32 
2.32 
0.25 
4.01 
3.99 
0.00 
2.17 

aso 

4.62 
0.92 
8.34 
1.40 
4.60 
9.15 
4.74 
0.64 
2.34 
3.81 
5.35 

2.05 
0.00 
0.10 
0.50 
7.14 
0.47 
0.48 
0.95 
1.54 
0.96 
3.88 

0.45 
0.84 
0.00 
0.00 
0.41 
0.64 
0.25 
0.12 
0.40 
2.41 
0.06 
0.00 
0.61 
0.00 
0.00 
0.89 
1.37 
0.59 
0.00 
1.14 
1.72 
0.09 
1.67 
0.45 
0.67 

0.00 
0.42 
0.00 
0.50 
0.00 
0.00 
0.00 
0.25 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

o.no 

0.00 
0.00 
0.00 
0.00 
0.07 
0.05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

o.a) 

0.00 
0.28 
0.00 
0.00 
0.00 
0.00 

22.84 

1875 

24.97 

1876 

22.41 

1877 

1878 

14.97 
39.53 

1879 

1880 

1881 

26.93 
21.02 
19.34 

1882 

0.00    0.00 
0.00     0.00 
4.08     0.00 
0.43     0.00 

16.58 

1883 

0.39     0.70 

11.94 

1884 

0.00 
15.37 

8.26 
3.  .^1 

29.14 

1885 

0.00  1  1.70 
1.36  1  3.30 
0.95  1  0.00 
2.75  '  0.04 

23.85 

1886 

0.00 

0.00 

0.19    0.63 

12.75 

1887 

0.00  '  0.00 
0.38    0.00 

0.63 

2.08 

12.61 

1888 

1891 

1H88 

1803 

Ifi94 

1806 

1.12 
2.68 
5.41 
0.00 
3.13 
2.31 
3.75 
0.11 
5.43 
2.80 

2.56 
1.97 
2.06 
0.91 
0.98 
4.62 
0.09 
0.64 
0.70 
2.32 

0.02 
0.62 
0.00 
0.00 
0.00 
0.00 
0.48 
0.44 
0.28 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.15 
0.00 
0.25 
0.63 

o.ri 

0.29 
0  00 
0.51 
0.00 

0.42 
0.84 
0.42 
1.22 
0.00 
0.73 
1.24 
0.46 
2.76 

0.27 
6.53 
3.92 
0.74 
1.69 
3.34 
1.64 
1.15 
5.56 

4.34 
5.57 
2.35 
10.81 
2.12 
5.98 
2.02 
1.21 
0.00 

21.16 
24.17 
23.16 
25.55 
26.43 

1806 

28.89 

1897 

18U6 

18W 

16.18 
10.89 
22.92 

1900 

Mean   for 
28  years. 

4.98 

3.14 

1.63 

0.61 

0.32 

0.00 

0.02 

0.27 

0.94 

3.31 

2.97 

21.66 
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WATER   STORAGE   ON    CACHE    CREEK,  CALIFORNIA.  [ko,^^- 


Monthly  precipitation,  in  inches,  at  van'oua  places  in  Cadie  Creek  drainage  basin— 

Continued. 

KBLSETVILLE. 
[Observer.  W.  A.  Maxwell.} 


Year. 

Jan.    Feb. 

Mar. 

Apr. 

May. 

June. 

Jaly. 

Aug. 

Sept 

Oct. 

Nov. 

Dec  Annnal. 

1803 

1 

4.70 
0.8T 
1.12 
4.50 
1.45 
1.15 
8.15 

2.55 
12.88 
2.48 
7.21 
2.40 
1.50 
6.22 

1 

1894 

10.80 
2.97 

15.37 
2.79 
0.60 
8.87 
4.52 

6.28 
2.25 
0.96 
5.44 
5.61 
0.05 
1.37 

2.57 
3.55 
1.87 
3.25 
0.00 
7.03 
4.99 

1.15 
0.85 
6.01 
0.55 
1.88 
0.00 
3.08 

1.05 
O.SO 
0.65 
0.36 
1.64 
0.35 
0.17 

1.20 
0.00 
0.00 
1.07 
0.40 
0.50 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

i.ao 

0.00 
0.00 
0.00 

0.52 
1.40 
0.43 
0.2-> 
1.00 
0.00 

1.28 
0.00 
1.08 
1.25 
0.96 
4.94 

3g.}^j 

1895 

15.1: 

1896 

1897 

18.  §1 

1898 

1899 

14.  n 

36.11 

1900 

Average  for 
6  years 

1 

...... 1  ...... 

27-01 

i 

RUMSEY. 


[Observers,  Captain  Ramsey  (1878-1887)  and  Soathem  Paciflc  Railroad  Company  (1801-1899).] 

Year. 

1           1 
Jan. ,  Feb.  Mar. 

1 

Apr. 

May. 

Jnne. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

0.10 
7.09 
15.51 
3.89 
a57 
0.66 
9.33 
5.89 
1.56 

AnnnaL 

1878 

0.26 
0.00 
0.00 
0.00 
0.18 
0.42 
0.27 
0.22 
0.00 

o.ao 

0.28 
0.00 
0.50 
0.84 
0.86 
0.88 
0.56 
0.69 

1.30 
3.05 
0.05 
0.83 
2.90 
0.24 
0.00 
13.33 
0.04 

1879 

1880 

1881 

3.34 
4.  .-17 
9.10 
2.64 
1.64 
5.64 
1.48 
7.85 
1.31 
0.87 
3.49 
4.80 
17.95 
3.53 
2.31 
7.15 
4.35 

4.18 
1.30 
3.21 
3.85 
0.90 
3.19 
0.67 
0.04 
8.57 
13.60 
2.84 
5.42 
0.00 
5.70 
3.76 
0.00 
0.15 

3.02 

10.20 
2.73 
1.13 
3.40 
5.34 
7.11 
0.10 
1.16 
1.56 
1.16 
3.02 
b.77 
2.10 
1.82 
0.00 
4.75 
1.55 

2.05 
10.74 
1.74 
1.23 
1.42 
4.83 
1.38 
4.17 
2.80 
1.93 
1.21 
1.76 
5.15 
0.00 
0.25 
0.00 
1.26 

1.67 
1.01 
1.26 
0.13 
3.45 
0.32 
0.00 
0.66 
0.17 
1.28 
3.78 

o.n 

0.15 
0.00 
0.00 
0.56 
0.25 

0.00 
0.00 
0.00 
0.04 
0.00 
8.08 
0.18 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.U0 

81.85 
35  91 
30  66 

1882 

1885 

15-77 
14  83 

1884 

34  So 

1885 

1886 

2830 
18.1$ 

1887 

1891 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.85 
0.00 

0.00 
1.08 

0.35 
10.57 

4.98 
11.37 

25.01 

1892 

36  31 

1893 

1896 

0.00 
0.30 
0.00 
0.28 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.60 
0.00 

0.00 
1.40 
0.09 
2.90 

4. 88 
0.00 
0.00 
2.57 

5.45 
1.00 
0.96 
4.08 

—    .   V  w    •    w... 

85-88 

1897 

18  74 

1898 

1899 

1900 

7.96 
28.83 

Mean  for 
14  years. 

5.11 

3.14 

3.58 

0.97 

0.37 

0.00 

0.00 

0.18 

0.71 

2.77 

6.17 

28. 9S 

CAPAY. 
[Observer,  H.  J.  Taber.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

0.88 
2.38 
0.43 

May. 

Jane. 

0.00 
0.15 
0.00 

July. 

0.00 
0.00 
0.00 

Aug. 

Sept. 

Oct. 

Nov.   Doc. 

ATinniil 

1889 

10.39 
0.83 
3.02 

4.41 

10.62 

3.76 

4.4a 
0.54 
3.39 

1.63 
0..58 
0.00 

0.00 
0.00 
0.00 

0.40 
1.06 
0.00 

7.44 
0.00 
0.00 
0.97 

3.97  12.22 

1890 

0.00 
0.36 
9.88 

3.50 
3.72 
9.22 

m^ 

1891.... 

aa]3 

1803 

38.57 

1898 

4.14 

7.04 

13.58 

4.66 
3.86 
1.46 

5.61 
1.11 
2.41 

1.46 
0.74 
1.56 

0.53 
1.70 
0.61 

0.00 
0.39 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
000 

0.18 
1.75 
1.01 

0.18 
1.58 
0.00 

1.80  1  1.81 
0.44  11  7B 

30.85 

1894 

29  40 

1896 

3.42 

1.60 

31.65 

1896 

14.31 

0.09 

2.71 

6.60 

0.57 

0.00 

0.00 

0.41 

0.50 

1.49 

a  13 

2.96 

38.n 

1897 

4.32 

3.58 

3.81 

0.15 

0.35 

0.00 

0.00 

0.00 

0.16 

1.38 

0.80 

1.50 

15.14 

1898 

0.67 

4.07 

0,00 

0.;J8 

0.71 

0.00 

0.00 

0.00 

0.8K 

0.50 

0.26 

1.21 

8. 66 

1899 

6.60 

0.00 

5.01 

O.GO 

0.14 

0.38 

0.00 

0.00 

a  00 

ao4 

2.92 

a88 

22.96 

1900 

3.50 

0.30 

2.07 

1.00 

O.&l 



Average  for 

10  years . . . 

22.  «9 



CHANDLER.] 


PRECIPITATION. 
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Monthly  precipitation,  in  inch&t^  at  various  places  in  Cache  Greek  drainagebasin- 

Gontinaed. 

ESPARTO. 


[Observer,  Thomas  Kennedy.] 


Year. 

Jan. 

Feb. 

Mar. 

• 

Apr. 

May. 

Jane. 

Jnly. 

Angr. 

Sept 

0.57 
0.00 
0.82 

Oct. 

Nov. 

Dec. 

Annual. 

1888 

1 
).  

0.00 
6.07 
0.00 

0.48 
8.13 
0.00 

5.40 
9.50 
3.02 

1889 

1890 

0.84 
7.38 
0.70 
0.00 
4.12 
4.47 
8.37 
12.09 
4.70 
0.92 
6.22 
8.81 

1.00 
3.77 
10.06 
1.70 
7.22 
2.01 
1.14 
0.00 
2.53 
1.50 
0.00 
0.29 

4.91 
3.47 
0.30 
1.63 
0.00 
0.67 
0.90 
1.75 
2.82 
0.16 
4.56 
1.50 

0.25 
0.85 
2.01 
0.56 
0.00 
0.38 
1.25 
4.41 
0.20 
0.23 
0.34 
0.94 

2.80 
1.38 
0.52 
1.68 
1.65 
1.36 
0.80 
0.C0 
0.25 
1.14 
0.50 
0.65 

0.16 
0.00 

0.00 
0.00 

0.00 
0.03 

27.66 
20.22 

1891 

0.20 
0.00 

1892 

0.00 

0.00 
0.00 
0.00 
0.00 
0.60 
0.00 
0.00 
0.09 

0.00 
0.00 
1.10 
1.15 
0.54 
0.12 
0.43 
0.00 

0.00 
0.00 
1.40 
0.07 
1.88 
1.88 
0.27 
2.30 

6.26 
1.45 
0.22 
0.82 
8.86 
0.00 
1.86 
2.50 

5.61 
1.47 
8.26 
0.87 
3.12 
1.98 
0.00 
8.63 

17.44 

1898 

1894 

0.00 
0.68 
0.00 
0.00 
0.31 

0.00 
0.00 
0.07 
0.00 
0.00 

15.91 
20.66 

1896 

Ifi96 

14.94 

28.45 

1897 

14.7V 

1898 

0.00    0.00 
0.16     0.00 

6.01 

1U99 

20.80 

1900 

Average  for 
10  years 

18.63 

WOODLAND. 


[Observers,  Southern  Pacific  Railroad  Company  (1878-1800)  and  Elston  drutf  store  (1894-1809).] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.  .Jnly. 

Aug. 

Sept 

Oct. 

Nov. 

0.89 
2.09 
0.06 
2.08 
2.40 
0.20 
0.00 
8.70 
0.00 
0.40 
5.57 
3.75 
0.00 
0.40 
5.47 
1.71 
0.85 
1.60 
3.76 
0.56 
0.47 
3.01 

2.01 

Dec. 

Annual. 

1878 

8.17 
3.03 

8.36 
3.20 
1.00 
1.86 
1.88 
0.45 
3.24 
0.12 
0.00 
5.58 
1.27 
0.55 
2.40 
8.08 
2.73 
2.78 
2.15 
1.28 
0.11 
5.21 
3.35 
0.14 

3.83 
4.74 
0.98 
1.05 
1.89 
3.13 
4.69 
0.10 
1.31 
0.C5 
2.38 
6.21 
8.35 
0.35 
2.14 
2.00 
0.88 
0.91 
2.08 
2.75 
0.12 
14.46 

1.47 
1.91 
6.96 
1.53 
1.37 
1.23 
3.83 
1.44 
4.10 
1.53 
0.10 
0.62 
1.00 
1.17 
1.28 
0.62 
0.42 
0.52 
6.73 
0.25 
0.21 
0.13 

0.65 
1.08 
0.35 
0.00 
0.00 
4.12 
0.00 
0.00 
0.00 
0.00 
1.10 
1.46 
1.60 
0.43 
2.22 
0.61 
1.49 
0.45 
0.78 
0.29 
1.38 
0.08 

0.00 
0.24 
0.00 
0.33 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.85 
0.00 
0.00 
0.00 
0.00 
0.77 
0.00 
0.00 
0.09 
0.18 
0.78 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.35 
0.00 
0.00 
0.00 

0.17 
0.00 
0.00 
0.00 
0.50 
0.44 
0.00 
0.00 
0.00 
0.00 
0.56 
0.00 
0.60 
0.00 
0.00 
0.00 
0.85 
1.37 
0.50 
0.02 
0.85 
0.00 

0.22 
0.21 
0.00 
0.87 
1.38 
1.03 
1.00 
0.20 
0.00 
0.00 
0.00 
5.33 
0.00 
0.00 
0.57 
0.08 
1.12 
0.19 
1.27 
1.81 
0.98 
3.55 

0.42 
3.69 
8.77 
2.25 
0.51 
0.29 
4.68 
3.75 
1.29 
3.80 
4.97 
8.48 
2.35 
3.10 
G.10 
1.92 
10.82 
0.90 
2.08 
0.72 
1.63 
3.53 

3.42 

24.18 

1879 

20.79 

1880 

1.04 
4.91 
0.89 
1.98 
3.47 
1.48 
4.78 
a80 
4.20 
0.00 
5.10 
0.82 
2.05 
2.88 
4.12 
9.83 
11.87 
3.32 
0.43 
5.67 

19.71 

1881 

14.41 

1882 

10.91 

1883 

12.96 

1884 

1885 

1886 

1887 

1888 

1889 

20.86 
15.74 
11.48 
11.26 
20.15 
26.74 

1890 

1891 

1892 

16.40 
14.35 
22.56 

1888 

12.60 

1894 

23.47 

1895 

17.14 

1896 

1897 

29.46 
15.02 

1806 

9.00 

1899 

81.86 

Mean  tor 
22  years. 

3.67 

2.56 

2.72 

1.75     0.85 

0.12 

0.00 

0.02 

0.25 

0.92 

18.26 

Note.— The  figures  for  the  years  1894  to  1899,  inclusive,  are  the  mean  of  two  records. 
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WATER   STORAGE    ON    CACHE    CREEK,   CALIFORNIA.  fNo.45 


Monthly  precipitation,  in  inches,  at  vtirious  plaeen  in  Cache  Creek  drainagebasin- 

Con  tinned. 

YOLO. 


[OhBorver,  Yolo  Orchard.] 

Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

* 
Jqdo.  July. 

Aug. 

Sept. 

Oct. 

1 

Nov.  Dec 

1 

Annual 

1893 

0.55 

0.78 

0.00 
0.76 
0.00 
0.00 
0.20 
0.00 
0.80 

P  P  P  P  P  P  P 

8  8  8  8  8  8  8 

0.00 
0.00 
0.00 
0.15 
0.00 
0.00 
0.09 

0.06 
0.85 
1.59 
0.56 
0.07 
0.25 
0.00 

0.10 
1.25 
0.30 
1.66 
1.35 
0.75 
3.23 

1 
1.56     2.0S 

1894 

1895 

4.28 
9.10 
8.49 
2.66 
0.40 
5.81 
3.14 

2.23 

1.48 
0.30 
4.04 
2.73 
0.00 
0.32 

0.96 
1.15 
1.79 
.2.11 
0.00 
3.97 
1.38 

0.43 
0.61 
5.81 
0.31 
0.24 
0.36 

1.51 
0.41 
0.59 
0.26 
0.26 
0.32 

0.80 
2.07 
1.10 
0.39 
0.42 

9.81 
1.03 
1.7B 
1.25 
0  2B 

17.7* 

189C 

1897 

22.3 
12.  »l 

1808 

5.S 

1899 

3.59  :  3.09 

SLS 

1900    .    . 

0.86  1  0.89 

1 

-.-.    .  -. 

AveraKe  for 
6  years 

1 

1 

16.99 

\'""' 

1 

STREAM  MEASURKMENTS. 

Measurements  were  made  of  the  discharge  of  all  of  the  small  stre&ms 
in  which  water  was  flowing  at  the  time  they  were  visited.  The  flow 
of  the  main  stream  at  its  various  junctions  with  other  streams,  was  also 
recorded,  t/O  show  the  comparative  value  of  the  branches.  During  the 
latter  part  of  July,  1900,  a  series  of  measurements  was  carried  down 
Cache  Creek  from  Rumsey.  A  similar  series  was  made  by  Mr.  Wil- 
son a  month  earlier.  The  results  of  both  series  are  given  in  the  table 
on  the  next  page.  Mr.  Wilson's  measurements  show  a  slight  increase 
in  discharge  between  Rumsey  and  Capay,  but  the  records  taken  a  month 
later  show  a  gradual  decrease. 

Below  Capay  the  creek  widens  until  in  some  places  its  gravel  bed  Ls 
1,000  feet  from  bank  to  bank.  Above  Woodland  it  narrows  again  to 
100  or  200  feet,  and  flows  between  clay  banks  30  to  50  feet  high. 
Below  Capay  part  of  the  liow  sinks  into  the  gravel,  but  it  reappears 
again  just  above  Moore's  dam. 

The  measurements  taken  in  July  show  discharges  as  follows:  At 
Capay,  88.1  second-feet;  opposite  Madison,  54.6  second-feet;  above 
Moore's  dam,  69  second-feet.  The  last  measurement  taken  was  on 
July  24,  at  Stevens's  bridge,  2  miles  below  Moore's  dam.  A  half  mile 
below  the  bridge  the  stream  ceased  to  flow,  leaving  the  gravel  bed 
dry.  A  few  miles  farther  down  the  creek  water  was  found  standing 
in  pools,  the  underlying  clay  stratum  having  forced  it  to  the  surface; 
but  whatever  flow  existed  was  within  the  gravel. 

In  the  following  table  are  recorded  the  I'esults  of  the  measure- 
ments of  the  main  creek  and  its  tributaries : 


CHAirDL.BR.] 
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Discharge  measurements  of  Cache  Creek  and  its  tributaries. 


Date. 


1900. 
June  25... 
Jane  27... 
June  29... 
July  17... 
July  20... 

Do 

July  21... 
July  23... 

Do 

Do 

July  24... 

Do 

June  29... 

Do 

Do 

June  28... 
Juue3D... 

Do 

Do 

July  3.... 

Do 

Do 

Do 

AufiT.  20... 
Ausr-  27... 


Jane  29.... 
Jane  90.... 

June  27... 
Juneao.... 

Do 

July  2 

Do 

Do 

July    8.... 
July  12.... 

Do 


July  16. 


Stream. 


Cache  Creek. 
.....do 


do 

do 

do 

do 

do 

Adams  ditch. 
Cache  Creek. 

do 

Moore  ditch . 
Cache  Creek. 
do 


do 

do 

do 

do 

do 

Moore  ditch . 
Cache  Creek . 

do 

do 

Tule  canal... 
Cache  Creek. 
.....do 


Point  of  measurement. 


At  Bumsey 

At  Bear  Creek . 
At  North  Fork 
At  Clear  Lake . 

AtRnmaey 

AtTancred 

AtCapay 


At  Madison 

At  Moore's  dam. 


At  Stevens's  bridge . . . 

At  Bumsey 

AtTancred 

Five  miles  above  Capay 

At  Capay 

At  Esparto 

At  Madison  bridge  ... 


North  Fork. 
do 


Bear  Creek 

Long  Valley  Creek 

Wolf  Creek 

North  Fork 

Bar tlett  Creek  .... 

Stanton  Creek 

North  Fork 

Scotts  Creek 


Middle  uid  Clover 

creeks. 
Kelsey  Creek 


At  Stevens's  bridge  . . . 

At  Nelson's  bridge 

At  Cache  Creek  sink  . . 

Opposite  Woodland 

At  Clear  Lake 

One-fourth  mile  above 

Bumsey. 

At  mouth 

Above  Long  Valley 

Creek. 

At  month 

do 

One  mile  above  mouth 
Above  Bartlett  Creek  . 

At  mouth 

do 

At  Little  Indian  Valley 
Eight    miles    above 

Clear  Lake. 
Near  Upper  Lake 

Two  miles  abov^  Kel- 
seyville. 


Hydrographer. 


Area 
of 

tion. 


A.  E.  Chandler 
do 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

J.  M.  Wilson. 
do 


.do 
.do 
.do 
.do 
.do 
-do 
.do 
.do 
.do 
.do 
.do 


A.E.  Chandler 
do 

do 

do 

do 

do 

do 

do 

do 

do 


.do 


.do 


Sq.ft, 
78.8 
116.8 
68.4 
68.0 
54.3 
43.0 
67.9 


35.9 
44.0 
73.1 

23.7 


4.7 

4.8 

1.8 
3.8 
0.5 
6.6 
1.9 
1.3 
4.4 
0.8 

2.1 

5.4 


Mean 
veloc- 
ity. 


Ftper 
sec. 

2.413 

L336 

2.360 

1.572 

L705 

2.079 

L522 


1.521 
1.568 
0.676 
0.809 


Dis- 
charge. 


1.085 
1.338 

1.000 
0.763 
1.000 
0.500 
0.737 
1.154 
0.636 
0.625 

0.714 

0.852 


I 


Sec-ft. 

189.0 

156.0 

161.4 

106.9 

62.6 

89.4 

88.1 

6.8 

64.6 

69.0 

49.4 

20.4 

166.8 

167.5 

173.6 

161.6 

152.7 

140.9 

60.5 

75.8 

S3.0 

61.3 

29.7 

39.6 

27.6 

6.1 
6.4 

1.8 
2.9 
0.5 
8.3 
L4 
1.5 
2.8 
0.5- 

1.6 

4.6 


IRRIGATION  WORKS. 


That  water  can  successfully  be  diverted  from  Cacie  Creek  is  proved 
by  the  number  of  irrigating  ditches  that  have  been  constructed  in 
Yolo  County.  Duly  one,  however,  the  Moore  ditch,  is  of  present 
importance.     Two  others,  the  Capay  Valley  ditch  and  the  Adams 


20  WATER   STORAGE    ON   CACHE    CREEK,  CALIFORNIA.  [safe 

ditch,  are  beiug  used  this  summer  (1900)  on  a  small  scale;  that  they 
are  not  in  general  use  is  due  to  protracted  litigation  over  water  rights, 
the  common  bane  of  irrigation  throughout  California. 

CAPAY   VALLEY   DITCH. 

The  first  ditch,  in  point  of  position,  to  take  water  from  Cache  Creek 
is  the  Capay  Valley.  The  diversion  works  (see  PL  III,  A)  are  situ- 
ated on  the  right  bank  of  an  old  channel  of  the  stream  at  the  very 
head  of  Capay  Valley.  The  ditch  was  begun  in  1871,  and  about  12  miles 
were  constructed  before  work  was  stopped  permanently  in  the  fall  of 
1873.  The  original  plan  was  to  irrigate  all  of  Capay  Valley  on  the 
south  side  of  the  creek  (about  13,000  acres),  but  it  is  probable  that 
not  more  than  8  miles  of  the  canal  were  ever  used. 

It  was  started  with  a  bottom  width  of  24  feet,  but  after  the  first  half  mile  was 
narrowed  to  a  width  of  16  feet,  and  at  the  end  of  the  third  mile  again  contracted 
to  8  feet.  The  lower  end  of  the  ditch  was  widened  to  10  or  12  feet  on  the  bottooL 
Indeed  the  ditch  seems  to  have  been  characterized  by  a  total  lack  of  system  in  its 
construction.  The  finmes,  of  which  there  are  six,  crossing  small  tributaries  of 
Cache  Creek,  are  quite  as  devoid  of  regularity  as  the  dimensions  of  earthen  chan- 
nel. They  are  usually  4  feet  deep  and  vary  in  width  from  8  to  16  feet.  They  are 
constructed,  strange  to  say,  of  Oregon  fir  throughout,  a  timber  of  great  strength, 
but  poorly  adapted  to  structures  which  are  alternately  wet  and  dry.  As  a  natn 
ral  consequence,  the  flumes  have  decayed  rapidly  and  are  now  wretchedly  out  oi 
repair. ' 

At  present  (1900)  the  ditch  beyond  the  first  3  miles  is  simply  an 
undulation  of  the  surface,  and  not  a  trace  of  the  flumes  describe<l  by 
Mr.  Schuyler  is  to  be  found.  Very  little  has  been  done  with  the  ditch 
since  1886,  when,  after  three  trials  in  the  lower  courts,  the  supremt* 
court  affirmed  a  judgment  ^^ forever  enjoining  the  company  from  tak- 
ing water  from  Cache  Creek  at  any  and  all  times  when  such  diversion 
would  int^erfere  with  the  flow  of  a  sufl&cient  quantity  (432  cubic  feet) 
in  the  Moore  ditch."  This  summer  (1900)  the  first  2  miles  of  the  ditch 
were  used  by  the  fruit  growers  owning  farms  along  it.  They  took 
turns  in  using  the  water,  and  in  July,  when  the  creek  was  low,  by 
their  combined  efforts  a  diverting  weir  of  brush,  straw,  and  stones 
was  thrown  across  the  creek.  No  payment  whatever  is  made  by  them 
to  the  company. 

TWO    PROPOSED    CANALS. 

In  the  I'eport  just  cit^d  Mr.  Schuyler  describes  a  dam  many  of  the 
timber  bents  of  which  still  stand  intact,     lie  ^ays: 

In  addition  to  the  Capay  ditch,  the  Clear  Lake  Water  Works  began  another 
work,  which,  as  projected,  was  the  most  comprehensive  scheme  for  the  disiiosai 
of  the  waters  of  Cache  Creek  ever  attempted.  It  contemplated  the  coDBtmction  of 
two  large  canals  taking  their  head  at  a  point  some  three  miles  above  the  village 


■Report  on  the  works  and  practice  of  irrigation  in  Tolo  Ck>ant7,  by  J.  D.  Schuyler:  Report 
of  California  State  Engineer,  1880,  Appendix  E,  p.  185. 
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of  Capay;  the  one  to  irrigate  the  plains  on  the  north  of  Cache  Creek,  the  other  to 
cover  the  lands  sonth  of  that  stream.  The  latter  was  to  have  been  navigable  and 
to  extend  to  deep  water  in  Snisnn  Bay  or  elsewhere.  At  the  proposed  head  of  the 
canal  a  dam  was  constmcted  six  hundred  feet  in  length.  It  was  made  prismoidal 
in  form,  15  feet  wide  on  top,  with  the  npper  slope  of  i  on  1,  and  the  lower  1  on  1. 
The  south  half  of  the  dam  was  abont  8  feet  high  and  the  north  half  about  13  feet. 
It  was  constructed  of  heavy  timbers  bolted  to  the  sandstone  rock  which  there 
cropped  out  in  the  channel,  and  the  interior  was  filled  with  rock  and  gravel.  The 
dam  is  reported  to  have  cost  $50,000.  The  canals  were  never  begun.  In  all  of 
these  various  improvements  the  Clear  Lake  Water  Works  have  expended  some 
$150,000,  but  thus  far  there  have  been  few  satisfactory  results  from  their 
investment. 

COTTONWOOD   DITCH. 

Another  ditch,  not  at  .present  in  service,  is  the  old  Cottonwood 
ditch,  which  heads  on  the  south  bank  of  Cache  Creek,  a  half  mile 
below  the  dam  just  described.  It  was  commenced  in  1864,  and  was 
ultimately  extended  a  distance  of  10  miles.  The  bottom  width  was 
12  feet,  the  depth  5  to  5.5  feet,  and  the  grade  3  feet  t^  the  mile.  The 
original  headworks  were  substantially  built  and  advantageously 
located,  but  not  a  trace  of  them  now  remains.  The  ditch  is  said  to 
have  cost  $50,000. 

In  1879  the  Capay  Ditch  Company  succeeded  the  Cottonwood  Ditch 
Company.  In  1882  the  Moore  Ditch  Company  enjoined  the  Capay 
Ditch  Company  from  using  water  from  Cache  Creek,  and  the  lawsuit 
which  resulted  remained  in  the  courts  many  years,  but  was  never 
settled.  In  consequence,  the  legal  status  of  the  ditch  was  rendered 
so  uncertain  that  it  rapidly  fell  into  disuse. 

ADAMS   DITCH. 

The  Adams  ditch  diverts  water  from  the  north  bank  of  Cache  Creek 
less  than  a  mile  above  Capay.  Three  miles  of  it  were  constructed  in 
1870,  to  irrigate  20  acres  of  Chinese  gardens.  In  the  following  year 
the  ditch  was  enlarged  to  a  bottom  width  of  6  feet,  a  top  width  of  13 
feet,  and  a  depth  of  2^  feet.  In  1877-78  a  new  section  was  constructed 
and  part  of  the  old  channel  was  abandoned.  In  1882  the  ditch  was 
extended,  under  contract  with  the  farmers  above  CachevlUe  (Yolo), 
to  supply  water  to  the  old  Cacheville  agricultural  ditch.  The  latter 
ditch  was  constructed  in  the  winter  of  1859-60,  but  has  been  aban- 
doned since  the  destruction  of  its  headworks  by  a  flood  late  in  the 
sixties.  Just  after  the  construction  of  the  extension  alluded  to  the 
Adams  ditch  became  involved  in  the  courts  with  the  Moore  ditch  and 
the  extension  was  never  used.  This  summer  (1900)  the  first  3  miles 
of  the  ditch  were  utilized  to  irrigate  60  acres  of  alfalfa  and  20  acres 
of  vegetables  on  the  Adams  place.  The  ditch  has  no  headworks,  the 
water  being  diverted  into  the  open  channel  by  a  temporary  dam  of 
brush,  straw,  earth,  and  stones.  (See  PI.  Ill,  J?.)  On  July  23, 1900, 
there  were  6.8  second-feet  of  water  in  the  ditch. 
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MOORE   DITCH. 

The  Moore  ditch,  the  oldest  and  most  important  ditch  on  Cache 
Creek,  was  built  in  1856.  It  heads  8  miles  above  Woodland,  and  orig- 
inally was  8  feet  wide  on  top  and  2  feet  deep.  In  1863  it  was  enlarged 
to  a  bottom  width  of  16  feet.  In  1881  the  grade  was  changed  from 
1.34  to  2.34  feet  to  the  mile,  and  by  extending  the  ditch  upstream  a 
gain  of  10  inches  in  the  fall  was  secured.  At  the  same  time  a  timber 
dam  was  constructed  across  Cache  Creek,  24-foot  piles  being  driven 
into  the  stream  bed.  Prior  to  the  construction  of  this  timber  dam 
temporary  dams  of  brush  and  earth  were  constructed  as  soon  as  the 
water  became  low  in  summer,  but  they  were  carried  out  by  the  first 
fall  flood.  The  timber  dam  was  swept  away  by  the  storm  waters  of 
1889-90,  and  has  not  been  replaced. 

At  present  the  main  ditch  and  its  branches  have  a  total  length  of 
about  80  miles.  The  branches  are  under  the  management  of  subcor- 
porations,  the  two  most  important  being  the  South  Fork  Water  Ditch 
Company  and  the  Farmers'  Irrigating  Ditch  Company.  The  ditch  of 
the  former  was  begun  in  1864,  and  now  has  a  length  of  4  miles  and  a 
capacity  of  40  second-feet.  It  is  v-shaped,  20  feet  wide  on  top,  4  feet 
deep,  and  has  a  grade  of  one-half  foot  to  the  mile.  It  has  a  capacity 
to  irrigate  2,000  acres;  it  has  irrigated  1,000  acres.  The  original  cost 
was  $2,400;  but  it  could  be  constructed  now  for  $800.  The  cost  of 
irrigating  varies  from  50  cents  to  $2  an  acre.  The  branch  under 
the  Farmers'  Irrigating  Ditch  Company  was  also  started  in  1864.  It 
is  1 J  miles  long  and  controls  4  miles  of  laterals.  The  top  width  of 
the  ditch  is  16  feet,  the  bottom  width  8  feet,  and  the  depth  from  2^^  to 
4  feet.  Its  capacity  is  20  second-feet,  and  1,000  acres  are  irrigated  by 
it.     The  original  cost  was  $2,400. 

The  maximum  rate  at  which  water  maybe  sold  is  fixed  by  the  board 
of  supervisors  of  Yolo  County  at  "$4  per  foot  for  the  period  of  24 
hours,  with  the  water  flowing  in  at  the  rate  of  2  feet  per  second. 
*  *  *  The  measurements  shall  be  made  from  the  top  of  a  weir  4 
inches  high,  constructed  in  the  bottom  of  the  bulkheads  where 
measurement  is  made,  and  over  which  weirs  such  water  must  flow.'' 

Although  a  capacity  of  432  second-feet  is  claimed  for  the  Moore 
ditch,  it  seems  impossible  that  it  ever  could  have  carried  half  that 
amount.  The  banks  have  been  allowed  to  silt  up,  and  now  are  cov- 
ered by  a  luxuriant  growth  of  water  weeds,  which  necessarily  reduces 
the  eflftciency  of  the  canal  to  a  minimum.  The  headworks  are  sub- 
stantial and  are  admirably  situated.  (See  PL  IV,  A,)  It  is  said  that 
even  when  the  creek  is  dry  through  Capay  Valley  there  is  a  snpply 
at  the  headworks.  It  is  deplorable  that  a  durable  diverting  dam  ha? 
not  been  built,  for  the  temporary  dam  of  earth  and  brush  is  not  con- 
structed until  June,  and  as  a  result  the  farmers  are  not  able  to  reap 
the  benefits  of  late  spring  flooding. 
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LANGENOOR   AND   HENNIGEN   DITCHES. 

Below  the  Moore  ditch  there  are  two  private  ditches — tlie  Lange- 
noor,  which  heads  on  the  north  bank  of  the  creek  a  half  mile  below 
Nelson's  bridge,  and  the  Ilennigen,  located  on  the  south  side  a  mile 
alwve  the  canal  connecting  Cache  Creek  with  the  Tule  canal. 

Regarding  the  construction  of  the  Langenoor  ditch  Mr.  J.  D.  Schuy- 
ler writes : 

The  ditch  was  constructed  and  first  used  in  1864  to  irrigate  20  acres  of  grain. 
*  *  *  At  its  head  there  is  an  underlying  stratum  of  clay  in  the  creek  bed,  at  a 
depth  of  bnt  4  feet,  which  brings  water  to  the  surface.  To  force  all  of  the  water 
tt)  top  a  double  row  of  sheet  piling,  about  40  feet  apart  and  100  feet  long,  has  been 
driven  into  bed  of  creek,  covered  with  a  floor  even  with  the  surface.  In  connec- 
tion with  this  arrangement  was  a  low.  movable  dam,  intended  to  be  raised  during 
low  water  and  removed  when  the  floods  came. 

A  few  of  the  upright  posts  of  the  dam  and  a  part  of  the  wooden  floor 
now  remain.  At  the  head  of  the  ditch  is  an  old  wooden  head  gate,  or 
bulkhead,  as  it  is  called,  which  was  constructed  in  1877.  (See  PI.  IV, 
J?.)  It  is  20  feet  wide  and  12^  feet  high,  and  has  two  sets  of  gates 
(four  gates  in  each  set)  18  feet  apart.  The  gates  are  made  of  3-inch 
timber,  and  are  4  feet  wide  by  '^i  feet  high.  In  1888  a  wall  of  masonry 
IG  feet  high  was  constructed  across  the  ditch  140  feet  from  the  old  head 
gate,  and  the  ditch  between  the  two  was  lined  with  a  wooden  flume. 
Through  the  base  of  the  masonry  there  are  four  channels,  each  3.8 
feet  wide  by  2.0  feet  high,  which  are  closed  by  means  of  wooden  gates. 
The  ditch  is  a  half  mile  long,  24  feet  wide  on  top,  10  feet  wide  on  bot- 
tom, and  5  feet  deep.  In  April,  1000,  it  was  used  to  irrigate  100  acres 
of  alfalfa  and  70  acres  of  fruit.  As  the  creek  at  this  point  is  dr}-  bj' 
the  end  of  July,  the  ditch  can  be  used  only  in  spring  and  early  summer. 

The  Hennigen  ditch  was  constructed  in  1887.  It  is  1  mile  long,  30 
feet  wide  on  top,  10  feet  wide  on  bottom,  and  2^  feet  deep.  It  has  a 
capacity  of  15  second-feet,  and  controls  7(X)  acres,  200  of  which  it  has 
irrigated.  The  original  cost  was  |52,200;  up  to  the  present  time  $4,400 
has  been  expended  on  it. 

PUMPING  PLANTS. 

Not  being  able  to  rely  upon  the  irrigating  ditches,  many  of  the 
farmers  about  Woodland  have  resorted  to  pumping  from  Cache  Creek 
and  from  wells.  Now  that  their  pumping  plants  are  established, 
most  of  the  operators  find  them  so  effective  that  they  would  hesitate 
to  abandon  them  for  even  an  improved  system  of  ditches. 

Outside  of  the  vicinity  of  Woodland  the  only  pump  used  for  irriga- 
tion this  season  was  one  in  charge  of  E.  F.  Hoswell,  of  Rumsey,  in 
Capay  Valley.  The  pump  and  engine  are  mounted  on  a  wagon,  and 
are  moved  from  farm  to  farm  as  necessity  requires.  The  engine  is 
an  18-horsepower  gasoline  engine,  known  as  the  Hercules.     Its  cost 
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was  $1,000,  and  it  uses  22  gallons  of  distillate,  costing  10^  cents  a 
gallon,  in  a  working  day  of  ten  hours.  The  pump  is  of  the  centrifu- 
gal pattern,  and  has  a  capacity  of  700  gallons  a  minute.  Its  cost  was 
$150.  Water  is  pumped  directly  from  the  creek  and  forced  through 
8-inch  pipe  to  the  field  to  be  irrigated,  and  often  it  is  elevated  to  a 
height  of  65  feet.  The  average  cost  of  operation  is  $1  an  acre.  A 
view  of  this  i)ortable  pumping  plant  is  shown  in  PL  V,  Ay  and  a  view 
of  the  pumping  plant  of  Robert  Morrison  in  operation  on  Cache  Creek 
is  shown  in  PL  V,  B. 

In  the  Woodland  district  there  are  not  fewer  than  twenty  places 
where  pumps  are  now  used.  Eight  of  these  depend  upon  Cache 
Creek  for  their  supply.  As  the  pumping  plants  are  all  below  Moore's 
dam,  the  supply  is  generally  insuflScient  after  the  middle  of  July. 
When  visited  in  the  later  part  of  July,  1900,  the  pumps  on  the  creek 
could  be  used  only  a  half  day  at  a  time.  There  was  no  water  flowing 
in  the  creek,  but  long  i>ools  had  formed  where  the  water,  percolating 
through  the  gravel,  was  forced  to  the  surface.  It  was  from  depres- 
sions in  these  pools  that  the  pumping  was  done,  and  when  the  supx)1y 
was  exhausted  the  pumps  were  stopped  until  the  pool  filled  again. 
In  some  places  earthen  dams  1  foot  or  2  feet  high  were  thrown  across 
the  bed  to  hold  the  water,  and  small  ditches  were  dug  between  the 
pools  above  to  let  more  water  down. 

Those  who  use  wells  report  an  unlimit<»d  supply.  In  April,  1897» 
Mr.  C.  S.  Mering  pumped  eighteen  days  and  nigh t«  with  a  pump  hav- 
ing a  capacity  of  3,000  gallons  a  minute,  and  noticed  no  diminution 
in  the  supply.  Mr.  R.  B.  Blower  has  used  his  well  since  1879,  and  it 
has  never  failed  to  furnish  a  supply. 

With  the  exception  of  the  gasoline  engine  of  Mr.  S.  V.  Scarlet,  all 
of  the  engines  in  use  are  steam  engines.  Straw,  bioish,  wood,  and 
coal  are  used  for  fuel.  The  average  price  paid  is  75  cents  a  load  for 
straw,  $4  a  cord  for  wood,  $8. 50  a  ton  for  coal,  and  1 1  cents  a  gallon  for 
gasoline. 

Mr.  S.  V.  Scarlet's  engine  is  portable,  and  is  used  by  nine  of  his 
neighbors.  In  some  cases  the  pumps  are  used  to  furnish  water  to 
fields  adjacent  to  lands  of  the  owner  as  well  as  to  his  own  fields.  The 
table  in  the  following  discussion  on  underground  waters  KivM  the 
more  imxK)rtant  details  regarding  these  pumping  plants. 

TTNTDERGROUNI)  WATERS. 
DEPTH  OF  WATER  PLANE. 

As  may  be  seen  in  the  following  table,  the  depth  at  which  water 
may  be  found  at  the  pump  sites  varies  from  10  to  26  feet.  It  is  not 
unusual,  however,  for  the  depth  at  two  points  on  a  comparatively 
level  farm  to  differ  considerablv  more  than  this. 
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Irrigation  pumping  plants  in  Woodland  district 


Owner. 


Byron  Jackson . 
R.B.  Blower.... 


J.  R.  Fisher. 


J.  £.  Scarlet.... 
S.V.  Scarlet.... 
C.H.Steinberg. 
C.  S.  Mering . . . . 
F.Martlnelli  .. 
Li.  Cramer 


O.  J.  Adams 


Mrs.  Peart 

W.W.  Nelson  .. 
F.  Sanderson... 
Robert  Morrison 


0>f 

©■a 

UP, 

o* 


6  wells. 
WeU... 

3  wells. 

....do... 

2  wells. 
....do... 

3  wells. 
...do... 
Well 

and 

Cache 

Creek. 

Cache 
Creek. 

....do.  . 

...do... 

....do... 

...do... 


X 


It 

o 
< 


100 
80 

10 

80 
20 
30 
18 
30 
25 


Size  of  well. 


I* 


13 

70 
80 
17 
10 


Ins. 

8 

18 

i«-12 

11-  8 

12 

12 

24 

10 

5 

24 


5 
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Feet. 
78 
26 

42 
80 
45 
45 


55 


o 
+»  . 

o 
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Feet. 
18 
10 

24 

16 
21 
15 
16 
20 
25 


» 


Feet. 
18  to  44 
10  to  24 

28 

28 
31 

25  to  30 
30 
30 

25  to  35 


27 

20 
11 
20 
25 


Engine. 


i 


4 


60 
25 

17 

25 
25 
25 
85 
16 
20 


8 

(ft) 
45 

ib) 

(b) 


8 

o 


s 


$1,600 
230 

a600 


1.675 
a700 

600 
1,800 


260 

(6) 

2,200 

ib) 

(b) 


Pump. 


Ins. 
6 


8 
6 
6 
8 


10 


12 

10 

6 

6 


i 


4» 


CktUona 
per  min- 
ute. 

8,000 

2,600 

1.800 

2.000 
3,000 


3,000 
7,000 


400 

5.000 
5,000 
1,200 
2.000 


S 
o 


$600 


213 

214 
150 
160 
450 


m 

Pi«  Pi 


550 


125 


250 
250 
100 


$1.50 
.83 

3.20 

1.50 
1.00 
1.57 

.75 
2.00 

,75 


.83 

1.20 
2.57 
2.00 
1.60 


a  Secondhand. 


b  Use  8.  V.  Scarlet's  gasoline  engine. 


c  One  irrigation. 


This  spring  (1900)  the  firm  of  Botsford  &  Blithroad  bored  a  number 
of  wells  along  the  roads  leading  from  Woodland,  for  the  use  of  water- 
ing carts.     The  depths  to  first  water  and  gravel  in  thirteen  of  these 

are  as  follows: 

Well  borings  near  Woodland, 


Boring. 

Depth  to 
water. 

Depth  to 
grayeL 

No.     1 

Feet. 
16 

18 

20 

24 

30 

30 

19 

19 

19 

10 
7 

3.5 
7.6 

Feet. 
32 

38 

20 

114 

40 

8 

No.    2 

Na    3            

No.    4 

No.    5 

No.    6 

No.    7 

No.    8 

No.    9 

No.  10 

No.  11 

No.  12 

No.  18 

46 
86 
24 
20 

2(5 
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In  borings  Nos.  7  and  8  no  gravel  was  encountered,  althoagh  the 
borings  extended  to  a  depth  of  92  feet.  The  average  depth  to  water 
of  these  13  borings  is  17  feet — a  depth  which  the  experience  of  other 
well  borers  has  shown  to  be  a  good  average  for  the  irrigable  lands 
about  Woodland.  In  1883-84  borings  were  made  by  engineers  to 
determine  the  depth  of  the  water  plane  through  Hungry  Hollow,  a 
depression  just  northwest  of  Moore's  dam,  the  results  being  submitted 
in  the  case  of  Moore  v.  Adams.  The  following  depths  have  been 
taken  from  the  profile  of  the  1884  borings,  the  lines  starting  at  Cache 
Creek  above  Moore's  dam  and  running  5  miles  into  Hungry  Hollow: 

Borings  to  determine  depth  of  water  plane  through  Hungry  Hollow^ 


Distance 
from  creek. 

Depth  of 
water  plane. 

liiUB, 

1 
Feet. 

1 

14 

2 

14 

8 

16 

4 

19 

5 

28.5 

NoTK.— The  water  plane  was  reported  to  be  1.2  feet  hlfirher  in  1883  tban  in  1884. 

ARTESIAN  FLOW. 

There  is  only  one  artesian  well  in  Yolo  County.  It  is  on  the  Dins- 
dale  place,  1  mile  east  of  Woodland.  It  has  a  depth  of  134  feet  and 
a  diameter  of  5  inches.  When  visited  during  the  latter  part  of  July, 
1900,  the  discharge  was  very  small,  but  it  is  said  to  be  considerable 
during  the  wetter  seasons. 

TRIBUTARIES  IN  CAPAT  VAULEY. 


The  hills  on  the  right  and  left  of  Capay  Valley  are  cut  up  into  a 
series  of  small  canyons,  with  shai'p  ridges  between.  Consequently, 
the  watersheds  are  so  small  and  the  slopes  so  steep  that  little  or  no 
water  is  to  be  found  in  the  canyons  after  the  rains  have  ceased.  The 
most  important  of  these  are  Rumsey  Canyon,  at  the  extreme  head  of 
the  valley,  and  Cadenasso  Canyon,  near  its  foot,  both  on  the  west  side. 
On  June  23,  1900,  there  was  a  trace  of  a  stream  in  the  former  canyon 
to  a  point  2  miles  above  its  mouth,  where  the  water  sank,  leaving  the 
rest  of  the  bed  dry.  During  the  summer  water  stands  in  small  pools 
in  Cadenasso  Creek  after  it  reaches  the  valley,  the  bed  above  being 
dry.  The  slope  of  the  beds  of  both  canyons  is  so  great  and  the  width 
so  small  that  even  if  a  sufficient  drainage  area  existed  they  couW 
not  profitably  be  utilized  for  storage  purposes. 
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FISKE  AND  DAVIS  CREEKS. 

These  creeks  are  usually  marked  on  the  maps  of  this  region.  Both 
enter  the  main  creek,  from  the  south  side,  in  Cache  Creek  Canyon. 
Like  the  smaller  streams  in  Capay  Valley,  they  are  dry  soon  after 
tlie  last  rains,  and  their  beds  remain  dry  washes  until  the  next  wet 
season. 

BEAR  CREEK. 

Other  than  the  North  Fork,  the  only  tributary  to  Cache  Creek  of 
any  consequence  is  Bear  Creek,  which  enters  the  main  stream  on  the 
north  side,  5  miles  above  the  mouth  of  the  canyon.  Twelve  miles  up 
the  creek  is  Bear  Valley,  which  has  a  length  of  10  miles  and  an  aver- 
age width  of  2  miles,  and  in  which  good  crops  of  hay  and  grain  are 
raised.  Near  the  lower  end  of  the  valley  the  surface  is  undulating, 
and  nowhere  is  there  a  good  dam  site,  even  if  the  great  amount  of 
water  required  to  flood  this  large  area  were  obtainable. 

Below  the  valley  there  is  very  little  open  countr}^  and  for  the  last 
5  miles  the  creek  traverses  a  narrow  canyon.  Two  miles  below  Bear 
Valley,  Sulphur  Creek  empties  into  Bear  Creek.  Sulphur  Creek 
drains  a  district  in  which  three  large  quicksilver  mines  are  operated, 
and  many  sulphur  and  mineral  springs  exist  in  its  own  bed.  By  the 
time  it  reaches  Bear  Creek  it  has  dissolved  so  much  mineral  mat- 
ter that  it  renders  the  water  of  the  larger  creek  brackish  and  salty, 
unfitting  it  for  irrigation  purposes. 

When  measured  at  its  mouth  on  June  27,  1900,  Bear  Creek  had  a 
discharge  of  1.8  second-feet,  while  on  the  same  day  Cache  Creek  had 
a  discharge  of  156.0  second-feet.  Bear  Creek  is  said  rarely  to  become 
dry.  Even  in  the  fall  of  1898,  when  there  was  no  outflow  from  the 
lake,  water  was  running  in  this  branch. 

NORTH  FORK. 

The  North  Fork  of  Cache  Creek  rises  in  the  mountains  north  of 
Bartlett  Springs.  The  region  of  its  headwaters  is  famous  for  its 
many  springs,  the  medicinal  properties  of  which  attract  hundreds  of 
visitors  every  summer.  Bartlett  Springs  is  situated  on  Bartlett 
Creek,  which  flows  into  the  North  Fork  3  miles  below  the  springs. 
On  July  2,  1900,  there  was  a  discharge  of  1.4  second-feet  in  Bartlett 
Creek  and  a  discharge  of  3.3  second-feet  in  the  North  Fork  at  their 
junction.  Seven  miles  below  the  junction  the  North  Fork  leaves  the 
mountains  and  enters  Little  Indian  Valley.  As  early  as  July  2, 1900, 
the  stream  in  the  upper  part  of  the  valley  was  dry,  the  water  having 
sunk  into  the  gravel  floor.  Two  miles  from  the  head  of  the  valley 
rock  outcrops  in  the  stream  bed,  forcing  the  water  to  the  surface. 
At  that  point  Stanton  Creek  joins  the  North  Fork.     On  July  2,  1900, 
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Stanton  Creek  had  a  discharge  of  1.5  second-feet,  and  on  July  8  the 
discharge  of  the  North  Fork  at  the  foot  of  the  valley  meaisared  2.> 
second-feet. 

At  the  foot  of  Little  Indian  Valley  the  North  Fork  enters  a  narrow 
canyon,  through  which  it  flows  for  a  distance  of  5  miles.  A  half  miW 
below  the  lower  end  of  the  canyon  Wolf  Creek  joins  it.  On  June  '^\ 
1900,  the  latter  stream  was  dry,  except  for  a  few  standing  pools,  for  a 
distance  of  a  mile  above  its  mouth,  at  which  point  it  had  a  disehargie 
of  0.5  second-foot. 

A  mile  below  Wolf  Creek  and  7^  miles  above  Cache  Creek  is  the 
mouth  of  Long  Valley  Creek.  On  June  30,  1900,  this  stream  had  a 
discharge  of  2.9  second-feet.  On  the  same  day  the  discharge  of  the 
North  Fork  at  that  point  was  6.4  second-feet. 

Below  Long  Valley  Creek  there  are  no  streams  tributary  to  the 
North  Fork.  There  are  numerous  canyons  down  which  the  storm 
waters  rush  after  heavy  rains,  but  none  in  which  water  can  be  found 
in  the  summer.  The  North  Fork  itself  generally  has  no  running 
water  in  its  lower  reaches  after  July.  The  water  stands  in  pools, 
between  which  it  seeps  through  the  gravel.  These  pools  remain 
throughout  the  dry  season,  and  afford  the  only  drinking  water  for  the 
cattle  in  the  neighborhood.  For  the  last  few  miles  the  grav'el  floor  is 
often  500  feet  wide,  and  from  it  the  greatly  eroded  clay  banks  rise  to 
a  height  of  from  50  to  100  feet.  A  view  of  these  eroded  clay  8loi)e> 
is  shown  in  PI.  VI,  A,  and  a  view  of  the  gravel  bed  of  the  creek  in 
PI.  VI,  B. 

On  June  29, 1900,  the  discharge  at  the  mouth  of  the  North  Fork  wa:? 
only  5.1  second-feet,  while  on  the  same  date  the  discharge  of  Cache 
Creek  at  the  junction  was  161.4  second-feet. 

RESERVOIR  SITES  ON  NORTH   FORK. 

The  only  basins  in  the  North  Fork  system  which  might  be  men- 
tioned as  reservoir  sites  are  Twin  Valleys,  Little  Indian  Valley,  and 
Long  Valley. 

The  Twin  Valleys  are  situated  on  a  short  branch  of  the  North  Fork 
a  few  miles  north  of  Bartlett  Springs.  They  are  separated  by  a 
canyon  a  half  mile  in  length.  Each  valle}^  is  three-fourths  of  a  mile 
long  and  a  half  mile  wide.  As  the  narrow  canyon  could  easily  Ik- 
dammed,  the  upper  valley  is  an  ideal  site  for  a  storage  basin;  but  h> 
the  entire  catchment  area  above  the  valleys  is  only  5  square  inil<-s, 
there  would  be  very  little  water  for  storage  purposes,  and  they  can 
not,  therefore,  be  recommended  as  reservoir  sites.  Both  valleys  are 
under  cultivation,  hay  and  garden  produce  for  the  hotels  being  rais^. 
the  vegetables  being  irrigated  by  water  from  the  creek. 

Long  Valley  is  situated  on  Long  Valley  Creek,  2  miles  from  its 
mouth.    It  is  6  miles  long,  and  has  an  average  width  of  1,000  feel 
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and  a  grade  of  25  feet  to  the  mile.  Although  Rice's  map  of  Lake 
County  shows  a  drainage  area  of  about  30  square  miles,  the  run-off 
during  the  drier  years,  when  water  is  most  needed,  is  stated,  on 
excellent  authority,  to  be  very  small,  as  tiight  be  expected  from 
experience  elsewhere  in  the  same  region.  Moreover,  the  valley  at  its 
foot,  the  so-called  Narrows,  is  700 
feet  wide.  Even  should  an  ample 
supply  be  assured,  the  cost  of  a 
dam  across  the  Narrows  would  be 
almost  prohibitive.  There  is  some 
hay  and  grain  raised  in  the  valley, 
but  the  income  of  its  residents  is 
largely  derived  from  stock  raising. 

Little  Indian  Valley,  the  only 
basin  on  the  North  Fork  to  be 
recommended  as  a  reservoir  site, 
is  5  miles  long  and  averages  from 
a  half  to  three-fourths  of  a  mile  in 
width.  Almost  half  of  the  entire 
area  is  under  cultivation,  but  the 
soil  contains  so  much  gravel  that 
the  grain  crops  are  very  light.  A 
small  portion  in  the  middle  of  the 
valley  and  near  the  creek  is  irri- 
gated for  vegetables,  a  temporary 
earthen  dam  being  thrown  aci-oss 
the  stream  at  a  point  where  the 
rock  outcrops.  A  view  of  the  val- 
ley looking  toward  the  dam  site  is 
shown  in  PI.  VII,  J.,  and  views  of 
the  dam  site  are  shown  in  Pis.  VII, 
B,  and  VIII,  A. 

A  reconnaissance  survey  of  the 
valley  was  made  to  determine  its 
approximate  storage  capacity,  con- 
tours being  located  at  intervals 
of  25  feet,  up  to  the  100- foot  level. 
The  following  table  shows  the  acre- 
age of  each  of  the  four  planes,  and  the  storage  capacity,  in  acre-feet, 
at  the  intermediate  layers,  also  the  total  capacity  for  each  contour. 
The  area  of  the  125-foot  contour  is  estimated  to  be  1,500  acres,  which 
is  considered  a  minimum  figure,  as  the  valley  widens  very  appreciably 
at  its  upper  end. 


Fio.  8.— Map  of  Little  Indian  Valley  reservoir 

site. 
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Storage  capacity  of  Little  Indian  Valley  reservoir  site. 


[so.  4s 


Contour. 

Area. 

CapAcitj. 

Total 
capacity. 

0 

Acres, 
0 

Acre-feet, 

Acre-feet 

625 
"4,625" 
"'ii,875 
"  20,'  500 

625 
'5,"256  " 

"17;  125" 
87,625'" 

'69, 066'" 

25-footv  - 

50 

50-foot.. 
"Vifoot. 
VoO^foot".' 

820 

630 

'  "  i,6io" 

126-foot.. 

1,500 

1 

Fio.  4.— Map  of  Little  Indian  Valley  dam  site. 


The  only  records  of  rainfall  on  the  North  Fork  are  those  which  have 
been  kept  for  the  last  three  seasons  at  Bartlett  Springs.  The  pre- 
cipitation for  the  season  1897-98  was  21.93  inches,  which  maybe  taken 
as  the  minimum.  Rice's  map  of  Lake  County  gives  a  drainage  area 
of  about  100  square  miles  above  Little  Indian  Valley. 

Using  Mr.  Lippincott's  provisional  curve  for  the  run-off  of  central 
and  southern  California  basins,  the  minimum  precipitation  of  2i! 
inches  should  give  a  run-off  of  16,000  a<?re-feet,  and  a  precipitation  of 
38  inches — that  estimated  for  this  basin  for  a  period  of  twenty-three 
years — ^should^  give  a  run-off  of  58,000  acre-feet.  To  guard  against 
a  shortage  in  extremely  dry  years,  however,  a  reserve  of  29,000  acre- 
feet  should  be  maintained  during  the  years  of  average  and  excessive 
precipitation.  On  this  basis  an  annual  supply  of  40,000  acre-feet 
would  bo  available.  The  following  table  is  based  on  the  assumption 
that  there  were  29,000  acre-feet  in  the  reservoir  at  the  end  of  the  irri- 
gation season  of  1885.  Of  the  fourteen  years  considered,  there  wouM 
have  been  twelve  years  of  full  supply  and  two  years  of  deficient  sup- 
pl3^  As  experience  shows  that  an  occasional  dry  year  may  be  tide^l 
over,  it  is  believed  that  this  site  may  be  relied  upon  for  40,000  acre-feet. 
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Table  showing  fluctuations  in  volume  stored  in  Little  Indian  Valley  reservoir 


Year. 

Estimated 
rainfaU. 

Estimated 
run-off. 

In  reservoir 

at  end  of 

irrigation 

season. 

SnrpliiH. 

Deficiency. 

1886 

1887 

Inches. 
26.40 
24.35 
34.40 
49.20 
41.60 
32.70 
44.00 
35.70 
53.00 
43.50 
49.40 
24.12 
17.35 
47.67 
37.38 

Acrerfeet. 
24,800 
20,700 
44,400 

124,400 
73,200 
39, 750 
84,000 
48,950 

134,000 
81,750 

113,000 

20,240 

7,525 

102, 350 

Acre- feet. 
13,000 

^^% 

29,.0O0 
29,000 
18, 750 
29,000 
29,000 
29,000 
29,000 
29,000 
9,000 
Empty. 
29,000 

Acre-feet. 

Acre- feet. 

6,300 

1888 

1889 

"59, 800 
33,200 

1890  

1891 

1892.. 

1893 

1894 

1895...- 

1896 

23,750 
8,950 
94,000 
41,750 
73,000 

1897 

1898 

1899 

1900 

"'33*356' 

23, 475 

i 

The  canyon  which  leads  from  the  valley  (see  PI.  VIII,  jB)  is  only  40 
or  50  feet  wide,  and  a  shaly  slate  impregnated  with  quartz  and  some 
calcite  outcrops  on  the  bottom  and  on  the  sides  to  a  height  of  20  feet. 
At  the  point  selected  for  the  dam  site  the  width  between  the  canyon 
walls  100  feet  above  the  creek  bed  is  only  317  feet,  and  at  125  feet  it  is 
only  435  feet.  On  the  west,  immediately  above  the  dam  site,  at  a  height 
of  600  feet,  is  a  rocky  point  from  which  it  is  proposed  to  transfer  the 
rock,  by  cable,  to  the  dam.  The 
elevation  of  the  dam  site  is  esti- 
mated to  be  1,600  feet.  Careful 
examination  of  the  bed  rock,  with 
a  diamond  drill,  should  be  made 
before  the  construction  of  the  dam 
is  begun. 

As  the  reservoir  may  be  expected 
to  fill  during  the  wetter  years,  the 
dam  must  be  an  overflow  weir.    As 

designed,  it  will  be  130  feet  high,  constructed  of  Cyclopean  rubble, 
or  of  large  blocks  of  stone  set  in  concrete  mortar,  and  adapted  to 
vrithstand  flotation  effect  with  10  feet  of  water  passing  over  it. .  The 
cost  is  estimated  at  1433,000.  Allowing  $20,000  for  the  purchase  of 
the  necessary  territory  in  the  valley,  the  total  cost  of  the  proposed 
Little  Indian  Valley  reservoir  is  estimated  at  $453,000,  which  is  at  the 
rate  of  $6.66  per  acre-foot  of  total  storage  capacity,  or  at  the  rate  of 
$11.33  per  acre-foot  of  water  available.^ 


X,1M 


Fig.  5.— Elevation  of  Little  Indian  Valley 

dam  site. 


1  The  calculations  of  reservoir  capacity  were  based  on  a  dam  125  feet  high.  As  the  height  of 
the  weir  dam  designed  is  130  feet,  the  available  storage  capacity  is  increased  at  least  7,500  acre- 
feet.  Forty-seven  thousand  and  five  hundred  aore-feet  may  therefore  be  considered  as  the 
available  supply,  which  reduces  the  cost  per  acre-foot  to  $9.51. 
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CliEAR  liAKB. 

As  has  been  stated,  Clear  Lake  is  situated  on  the  Coast  Range,  75 
miles  north  of  San  Francisco.  At  mean  low  water  the  lake  has  a  sur- 
face level  of  1,325  feet  above  mean  low  water  in  San  Francisco  Bay. 
It  is  20  miles  long,  7  miles  wide  (greatest  width),  and  has  an  area  of 
65  miles  at  its  mean  level.  The  greatest  depth  in  the  upper  half  of 
the  lake  is  35  feet,  but  in  the  lower  portion  there  are  small  areas  5C( 
feet  deep.  The  drainage  area  is  417  square  miles,  and  the  storm 
waters  are  conducted  to  the  lake  through  Scotts,  Middle,  and  Clover 
creeks,  at  its  extreme  northwestern  end,  and  by  Doba,  Kelsey,  and 
Cole  creeks  on  the  southern  side  of  its  upper  ends.  These  creeks  are 
similar  to  others  in  Cache  Creek  Basin,  in  that  they  are  torrential 
during  the  rainy  season  but  are  dry  during  the  summer. 

Middle  and  Clover  creeks  unite  a  mile  below  the  town  of  Upper 
Lake.  On  July  12,  1900,  their  combined  discharge  was  only  1.5 
second-feet.  Two  miles  above  Clear  Lake  Scotts  Creek  flows  into 
Tule  Lake,  a  small,  marshy  depression,  which  it  leaves  throngh  a 
slough.  For  4  miles  above  Tule  Lake  the  creek  is  simply  a  slough, 
and  6  miles  above  it  had  a  discharge  of  0.5  second-foot  on  July 
12,  1900. 

On  July  16,  1900,  Kelsey  Creek  had  a  discharge  of  4.6  second-feet 
at  a  point  6  miles  above  the  lake.  A  mile  below,  however,  it  had  dis- 
appeared in  its  gravel  bed.  Doba  and  Cole  creeks  were  both  dry  on 
that  date.  These  three  creeks  flow  through  Big  YaUey,  the  laiigest 
and  one  of  the  most  fertile  in  Lake  County.  Scotts  Valley  and  the 
territory  about  Upper  Lake  are  also  remarkably  productive,  alfalfa 
being  raised  without  irrigation.  A  good  flow  of  artesian  water  is 
obtainable  in  the  last-named  districts  at  a  depth  of  75  feet,  and  it  is 
now  being  used  for  irrigating  vegetables. 

In  1874-75  and  in  1876-77  Clear  Lake  was  one  of  the  bodies  of  water 
examined  by  the  engineers  appointed  to  investigate  the  sources  of 
water  supply  for  the  city  of  San  Francisco.  Recognizing  the  great 
loss  due  to  evaporation  over  so  extended  an  area,  it  was  planned  to 
*' carry  away  the  water  from  the  lake  in  its  season  of  abundance,  and 
store  it  in  a  reservoir  of  less  area  and  greater  available  depth.  Sueh 
a  reservoir  exists  on  the  adjoining  stream  to  the  south — ^Putah  Creek, 
at  Guenoc.''  This  plan  necessitated  a  tunnel  2.9  miles  long.  Daring 
these  investigations  (1874-1877)  the  water  of  Clear  Lake  was  anal^^zed 
by  four  chemists.  All  were  of  the  opinion  that  the  water  was  entirely 
satisfactory  for  domestic  purposes.  On  the  next  page  is  given  the 
result  of  the  analysis  by  Prof.  Thomas  Price. 
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Analysis  of  water  f  row.  Clear  Lake, 


Grains  per  eallon  of 
S3i  cubic  Inches. 


Carbonate  of  lime 2.554 

Carbonate  of  magnesia 2.683 

Carbonate  of  aoda .728 

Alnmina  and  iron 012 

Chlorideof  xx)tassinm .261 

Sulphate  of  lime 341 

Snica .464 

Organic  matter 1.970 

Total 9.013 

As  water  may  contain  as  many  as  80  grains  of  soluble  salts  before 
reaching  the  danger  point  for  irrigation  purposes,  it  is  certain  that 
Clear  Lake  water  is  satisfactory. 


AREA  AND  VOLUME. 

In  1889  the  United  States  Geological  Survey  made  a  topographic 
survey  of  Clear  Lake  and  its  outlet.  A  datum  plane  was  taken  1.27 
feet  above  the  low-water  mark  of  1873  and  called  100.  Mr.  Wm.  Ham. 
Hall  compiled  a  number  of  tables  for  his  report  on  this  survey,  the 
first  four  of  which  are  given  herewith. 

The  following  table  gives  the  area,  in  squai-e  miles,  and  the  num- 
ber of  acres  of  each  of  the  even-foot  planes,  from  90  to  110  feet — ^that 
is,  10  feet  below  and  above  the  datum  plane.  The  volume,  in  acre- 
feet,  is  also  given  for  each  2-foot  layer. 

Area  and  volume  of  Clear  Lake, 


Elevation 
of  plane. 

Area  Of           Area  of          Volume, 
plane.              plane.      '       »wiui*io. 

Feet. 
90 

Square  miles. 
56.852 

Acres. 

36, 385 

Acre-feet. 

73, 550 

92 

58.071 

37, 165 

75,088 

94 

59. 255 

87,923 

76, 716 

96 

60. 614 

38, 793 

'  "78,"573"" 

98 

ioo" 

■ 

62. 156 
"""  63.'784" 

89, 780 
"40,"  822'" 

"'""86,662" 

82,247 

102 

64. 726 

41,425 

84,344 

104 

1 

67.061         42.919 

87, 209 

106 

69. 203 

44. 290 

89,429 

■         108 

70.580         45,139 

91,242 

AAV 

72. 036         46. 103 

IRR  45—01 
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Th^  following  table  gives  the  equivalents  of  flow,  in  second-feet, 
corresponding  to  the  several  volumes  in  the  successive  2-foot  layers 
for  1  day,  for  30  days,  for  91  days,  and  for  182^  days,  respectively: 

Table  of  equivalents  of  flow. 


Volume  of 
layers. 

Equivaleuts,  in  second-feet. 

1  day. 

30  days. 

91  days. 

182^  days. 

Acre-feet. 

73,550 

37,081 

1,236 

407 

203 

75,088 

37, 857 

1,262 

416 

208 

76, 716 

38, 677 

1,289 

425 

213 

78,573 

39, 614 

1,320 

435 

217 

80,602 

40, 637 

1,854 

447 

223 

82,847 

41,466 

1,383 

456 

227 

84, 344 

42, 522 

1,417 

467 

233 

87,209 

43, 968 

1,466 

483 

241 

89, 429 

45, 087 

1,503 

495 

247 

91,242 

46, 017 

1,534 

505 

252 

FLUCTUATIONS  IN  LEVEL. 


In  the  following  table  is  given  the  mean  monthly  and  annual  level 
of  the  surface  of  Clear  Lake.  The  records  up  to  1888  were  griven  to 
Mr.  Hall  by  Captain  Floyd,  of  Kono  Tayee.  The  later  records  were 
obtained  this  summer  (1900)  from  Mr.  F.  H.  Porter,  of  Kono  Tayee, 
and  from  Captain  Rumsey  and  Captain  Atherton,  of  Lakeport. 

Table  showing  itiean  monthly  and  annual  level  of  Clear  Lake,  1S74-I90(). 


Mdtth. 

1374. 

1875. 

1876. 

1877. 

1878. 

1879. 

lS8a 

January  

102.87 
105.13 
105.^ 
105.85 
101.99 
104.06 
108.13 
102.31 
101. 6  J 
101.23 
101.65 
108.04 

102.96 

104.07 

1(J3.67 

103.10 

102.40 

101.78 

101.21 

100.65 

99.98 

99.58 

99.82 

100.75 

108.73 
105.64 
106.39 
107.64 
106.23 
105.19 
104.52 
104.04 
103.74 
108.16 
102.61 

102.  ne 

102.04 

102.91 

1Q8.20 

102.88 

102.28 

101.68 

101.19 

100.71 

100.13 

99.62 

99.52 

99.56 

102.43 
107.60 
109.37 

103.08 

February 

101.81 
104.07 
105.73 
104.96 

103  48 

Marcli 

104.  (B 

April 

106.19 

May 

107.11 

June 

106.69 

July 

...... .... 

103.13 
10S.40 
101.90 
101.50 
101.24 
108.47 

104.56 

August 

103.40 

September 

102.51 

October 

ioe.oi 

November.... 

101.64 

December 

102.85 

Mean.. 

103.406 

101.656 

104.663 

101.308 

106.463 

102.923 

103. 5:» 
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Table  showing  mean  monthly  and  annual  level  of  Clear  Lake,  1874-1000 — Cont'd. 


Month. 

1881. 

1882. 

1883. 

1884. 

1886. 

1886. 

1887. 

Janaary 

104.88 
107.15 
106.88 
105.75 
104.84 
104.16 
108.-O6 

101.24 
101.92 
103.11 
103.71 

100.37 

99.13 
99.68 
100.83 
101.88 
108.01 
102.74 
102.20 
101.47 
100.98 
100.66 
100.38 
101.19 

102.43 
103.73 
103.54 
103.23 
101.79 
101.28 
100.81 
100.29 
99.66 
99.28 
100.56 
102.87 

105.10 
106.14 
106.35 
106.30 
1(».19 
108.86 
102.73 

F*<^brnary 

101. 75 

1\f«.rfrh  , -    

100.77. 
101.23 
101.58 
101.31 

102.89 

April 

May  

103.50 

■*"*••* "  -------------------------- 

June 

July :. 

AnflTTlBt _.... 

100.18 
99.73 
99.29 
99.15 

100.77 

September 

101.28 
100.93 
100.76 
100.95 

100.27 
100.08 
101.21 
100.27 

100.20 

October..-. 

Ts  ovwmber 

r>ecember 

100.83 

99.48 

Mean 

108.695 

101.476 

100.401 

101.178 

101.366 

104.32 

101.265 

Month. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

January  ....... 

99.83 
101.73 
103.45 
103.27 
101.96 
101.36 

111.31 

101.08 
103.81 
104.03 
104.09 
101.52 
103.37 
101.56 
100.81 

100.23 
100.01 
100.56 

101.  a5 

101.73 
101.73 
102.15 
102.83 

104.56 
106.52 
107.86 

104.40 

February.--.- 

106.33 

March 

106.31 

April 

108.63 

"May , _-  - 

104.73 
103.46 
104.48 

June 

July 

• 

Anirnat - 

100.08 
99.84 
99.57 
99.34 
99.83 

Sentember ..._, 

• 

101.86 
101.48 

101.  or 

100.97 

100.16 

99.73 

100.23 

104.47 

October 

100.53 

100.98 
100.54 
101.40 

"November  - , 

100.15 

Deoembe** 

Mean 

100.761 

102.03 

103.31 

101.91 

101.54 

108.77 

104.05 

Month. 


1895. 


1896. 


Jannary 109.90 

February 109.00 

March 106.96 

April 106.73 

May 

Jnue 

July 

Ancpist 

September 

October 

November 

December 


100.56 
105.40 


104.08 


Mean 


100.23 


104.50 
108.46 
102.31 
101.36 
100.88 
100.59 
101.32 


1897. 


102.63 
104.73 
IUJ.63 
105.62 
104.35 
103.15 
102.32 
101.42 
100.73 
100.20 
99.96 
100.  C9 


1898. 


106.36 


102.54 


102.56 


100.20 

100.54 

101.00 

100.73 

100.40 

99.  9q 

90.46 

98.73 

98.20 

97.84 

97.75 

97.80 


1899. 


99.39 


98.66 

99.32 

99.45 

100.40 

bV.  ox 

99.69 
99.42 
98.88 
98.25 
97.93 
98.21 
99.67 


1900. 


102.00 
103.09 
102.94 
103.93 
103.29 
101.57 
100.82 

99.40 


Monthly 
mean. 


99.13 


102.74 
103.72 
104.12 
103.81 
103.33 
102.66 
102.24 
101.08 
101.24 
100.33 
100.30 
100.93 


101.55 


a  102. 51 


a  Twenty -six  years. 

The  table  on  the  next  page  gives  the  extreme  high- water  levels  and 
the  extreme  low-\vat.er  levels  of  the  lake  for  each  year  from  1873  to  1900 
(compiled  from  the  same  records  as  the  foregoing  table),  while  fig.  6 
shows  graphically  the  same  data.  The  number  of  feet  fall  in  the  lake 
during  the  year  and  the  evaporation  for  the  falling  period  are  also 
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Tll^  following  table  gives  the  equivalents  of  flow,  in  second-fet-t, 
corresponding  to  the  several  volumes  in  the  successive  2-foot  layers 
for  1  day,  for  30  days,  for  91  days,  and  for  182+  days,  respectively: 

Table  of  equivalents  of  flow. 


Volume  of 
layers. 

Eqalvaleixts,  in  second-feet. 

1  day. 

30  days. 

91  days. 

182^  days. 

Acre-feet. 

73,550 

75,088 
76, 716 
78, 573 
80,602 
82,247 
84, 344 
87,209 
89, 429 
91,242 

37, 081 
37, 857 
38,677 
39, 614 
40, 637 
41,466 
42, 522 
43,968 
45,087 
46,017 

1,236 
1,262 
1,289 
1,320 
1,354 
1,382 
1,417 
1,466 
1,503 
1,534 

407 
416 
425 
435 
447 
456 
467 
488 
495 
505 

203 
208 
213 
217 
223 
227 
233 
241 
247 
252 

FLUCTUATIONS  IN  LEVEL. 


In  the  following  table  is  given  the  mean  monthly  and  annual  level 
of  the  surface  of  Clear  Lake.  Tlie  records  up  to  1888  were  given  to 
Mr.  Hall  by  Captain  Floj'd,  of  Kono  Tayee.  The  later  records  wen? 
obtained  this  summer  (1900)  from  Mr.  F.  H.  Porter,  of  Kono  Tayee, 
and  from  Captain  Rumsey  and  Captain  Atherton,  of  Lakeport. 

Table  shoieing  niean  monthly  and  annual  level  of  Clear  Ixike,  lS?4-190i*. 


Mdhth. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

L^l 

January 

102.87 
106.13 
105.95 
105.85 
104.99 
104.06 
103.13 
log.  31 
101.6} 
101.23 
101.65 
102.04 

102.96 

104.07 

103.67 

103.10 

102.40 

101.78 

101.21 

100.55 

99.98 

99.58 

99.82 

100.75 

102.73 
105.64 
106.39 
107.61 
106.23 
106.19 
104.62 
104.04 
103.74 
103.16 
102.61 
102.02 

102.01 

102.91 

1Q8.20 

102.86 

102.28 

101.68 

101.19 

100.71 

100.13 

99.62 

99.52 

99.56 

102.42 
107.60 
109.37 

lOSuGS 

Pebmary 

101.81 
101.07 
105.73 
104.96 

103. 4S 

March 

104.  OS 

April 

May 

lO&K 

107.11 

Jane 

106^ 

July 

108.13 

108.40 

101.90 

101.50 

101.24    ; 

103.47 

I0i.3« 

Angrnst 

108.  Ifl 

September 

loca 

October 

iae.oi 

TTovember r-,-r.,.  

101.61 

December 

ioe.8S 

Mean.. 

103.406 

101.656 

104.663 

101.306 

106.463 

102.933  i 

1 

loa^ 
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Table  showing  mean  monthly  and  annual  level  of  Clear  Lake,  1874-1900 — Cont'd. 


Month. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

January - 

104.88 
107.15 
106.88 
106.75 
104.84 
104.16 
108.08 

101.24 
101.02 
108.11 
108.  n 

100.37 

99.13 
99.68 
100.83 
101.88 
103.01 
102.74 
102.20 
101.47 
100.98 
100.66 
100.36 
101.19 

102.43 
102.73 
102.54 
102.23 
101.79 
101.28 
100.81 
100.29 
99.66 
99.23 
100.66 
102.87 

106.16 
106.14 
106.36 
106.30 
105.19 
108.86 
102.73 

F<*l>TOary ,.,,,,,,,_. 

101. 75 

March 

100.77. 
101.23 
101.58 
101.31 

102.89 

April 

May 

102.50 

Jnne 

July ;. 

Ansrnst 

100.18 
99.73 
99.29 
99.15 

100.77 

S^ptpmbftr         

101.28 
100.98 
100.76 
100.95 

100.27 
100.06 
101.21 
100.27 

100.20 

October 

November 

Dcw^exnber r .  . . . .  - 

100.83 

99.48 

108.605 

101.476 

100.401 

101. 178 

101.366 

104.32 

101.266 

Month. 

1888. 

1889. 

1890. 

1891. 

1893. 

1898. 

1894. 

January  .__.. 

99.83 
101.73 
102.45 
102.27 
101.96 
101.36 

111.31 

101.08 
103.81 
104.02 
104.00 
IOJ.52 
103.37 
101.56 
100.81 

100.23 
100.01 
100.56 

101.35 
101.73 
101.73 
102.15 
102.33 

104.66 
106.52 
107.35 

104.40 

February 

106.33 

March  -... -. 

. 

106.31 

April 

108.53 

May  -  - 

104.73 
108.46 
104.48 

Jnne ............ ...... 

July 

■ 

AUfTUSt - 

100.06 
99.84 
99.57 
99.34 
99.83 

S4*r>tflniher . 

• 

101.86 
101.48 
101.07 
100.97 

100.16 

99.73 

100.23 

104.47 

October 

100.63 

100.98 
100.54 
101.40 

November -,...,..t  -.- 

100.15 

December 

Mean 

100.751 

102.08 

108.34 

101.91 

101.54 

108.77 

104.06 

Month. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

Monthly 
mean. 

January 

100.90 
109.00 
106.06 
105.73 



100.66 
106.40 

102.62 
104.73 
1115.63 
105.53 
104.35 
103.15 
103.33 
101.42 
100.73 
100.20 
99.90 
100.  GO 

100.20 
100.54 
101.00 
100.73 
100.40 
99.98 
90.40 

98.  ra 

98.20 
97.84 
97.75 
97.80 

96.66 
99.32 
99.45 
100.40 
99.84 
99.69 
99.42 
98.88 
98.25 
97.92 
98.21 
99.57 

102.00 
102.09 
102.94 
102.92 
102.29 
101.57 
100.82 
99.98 
99.40 

102.74 

February 

103.72 

March 

104.12 

April 

May 

104.08 

103.81 
103.32 

IMMumj  .  ....  ---.  ......  ......  ...... 

June 

104.50 
108.46 
102.34 
101.36 
100.88 
100.59 
101.32 

102.66 

July 

102.24 

Autnist 

101.06 

September.., ....- 

101.24 

October 

100.32 

November ,. 

100.23 

100.30 

December 

100.92 

Mean 

106.36 

102.54 

lfe.56 

99.30 

99.13 

101.55 

a  103. 51 

a  Twenty-six  years. 

The  table  on  the  next  page  gives  the  extreme  high- water  levels  and 
the  extreme  low-water  levels  of  the  lake  for  each  year  from  1873  to  1900 
{compiled  from  the  same  records  as  the  foregoing  table),  while  fig.  6 
shows  graphicallj'  the  same  data.  The  number  of  feet  fall  in  the  lake 
<luring  the  j'ear  and  the  evaporation  for  the  falling  period  are  also 
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For  this  purpose  a  provisional  curve  of  run-off  compiled  by  J.  B.  Lip- 
pincott  from  the  data  for  a  great  number  of  California  basins  was 
used,  but  it  was  discovered  that  the  results  in  many  cases  were  less 
than  the  amounts  shown  to  have  entered  the  lake  by  the  rise  from 
extreme  low  water  to  extreme  high  water. 

An  inspection  of  the  following  table  will  show  that  the  total  amount 
calculated  from  Mr.  Lippincott's  provisional  curve  is  too  small  in  all 
cases  where  the  rainfall  is  less  than  19  inches  and  also  in  a  number  of 
other  cases.  Clearly,  the  so-called  ** intake"  (the  difference  between 
extreme  low  water  and  extreme  high  water)  is  less  than  the  volume 
which  entered  the  lake,  because  it  does  not  show  either  the  discharge 
or  the  loss  by  evaporation  during  the  time  the  level  was  rising. 

Table  ahounng  fluctiiations  in  tx}lume  of  Clear  Lake, 


Season. 


1873-74... 

1874-75.   . 

1875-76... 

1876-77... 

1877-78. . 

1878-79... 

1879-80. . 

1880-81_-. 

1881-82... 

1882-83... 

1883-84... 

1884-85... 

1885-86... 

1886-87... 

1887-88... 

18S8-«9- . . 

1889-90... 

1890-91... 

1891-92.  .. 

1892-93... 

1893-94. . . 

1894-95. . . 

1895-96... 

1896-97. . . 

1897-98. . . 

1898-99... 

1899-1900. 

Total 


RainfaU. 


Indies. 
14.6 
24.96 
87.0 
14.0 
54.0 
21.3 
29.0 
21.8 
10.7 
19.0 
24.3 
16.0 
35.5 
19.25 
17.88 
27.28 
51.43 
21.06 
24.32 
36.80 
32.82 
42.89 
33.48 
28. 92 
14.57 
20.86 
27.73 


Run-off 

from  413 

uqnare 

nules. 


Acre-feet, 

16, 930 

90,860 

223,020 

14, 460 

586,660 

60, 298 

115,640 

38, 820 

28,910 

42,126 

93,340 

22,720 

198, 240 

43, 780 

35,100 

109, 860 

536,900 

57,820 

85, 080 

218, 890 

165,200 

326, 270 

169, 330 

123, 900 

16, 930 

56, 990 

113,160 


Rainfall 
on  lake. 


Acre-feet. 
49.080 


86 

128 

49 

186 

74 

102 

77 

58 

65 

81 

51 

124 

86 

61 

94 

182 

117 

83 

137 

112 

158 

116 

102 

48 

67 

94 


320 
650 
600 
750 
700 
960 
220 
100 
280 
600 
000 
500 
400 
350 
070 
300 
100 
000 
4i}0 
050 
730 
200 
960 
960 
660 
070 


Total  in- 
crease in 
Tolnme. 


Acre- 

66 
177 
351 

64 
773 
134 
218 
116 

87 
107 
174 

73 
322 
130 

96 
203 
719 
174 
168 
346 
277 
485 
285 
226 

65 
124 
207 

6,179 


■feet. 
010 
180 
670 
060 
410 
998 
70O 
040 
010 
406 
940 
720 
740 
180 
450 
930 
200 
920 
080 
290 
250 
000 
530 
860 
890 
650 
230 
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IntaJK. 


Acre-fett. 
279, 3(K) 
136,370 
458,650 

79,500 
458,630 
269, 920 
362,720 
275, 170 
127,570 

73, 020 
164,900 
190,210 
316,900 

95,736 
123,480 
136,620 
474,360 
133, 940 
111,700 
340,580 
248,170 
421,680 
219, 410 
220,400 

89,570 
121,170    \ 
221.600 

6. 151, 296 
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Neglecting  the  winter  discharge  and  the  winter  evaporation,  and 
considering  the  totals  given  at  the  bottom  of  the  last  two  columns  in 
the  foregoing  table,  the  run-off  shown  by  Mr.  Lippincott's  provisional 
ourve  agrees  with  that  indicated  by  the  rise  of  the  lake  within  one- 
half  of  1  per  cent.  Thus  the  curve  is  shown  to  give  an  excellent  con- 
servative estimate  for  average  conditions,  and  for  that  reason  it  was 
used  in  determining  the  run-off  of  Little  Indian  Valley. 

The  following  table  shows  the  method  adopted  to  determine  the 
limits  for  the  hold-over  reservoir: 

Table  ^homing  fluctuations  in  Clear  Lake, 


Season. 

Intake. 

Resalt- 
ing  level. 

Winter 

dis- 
charge. 

Summer 
evapora- 
tion. 

Working 
level. 

Depth 
nned. 

Fall  level. 

1873  (low  water) 

1873-74 

1874^75 

1875-76 

Acre- feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

98.7 

100.5 

98.5 

99.8 

96.4 

99.8 

100.2 

100.4 

99.9 

97.2 

94.5 

93.2 

92.9 

96.0 

92.7 

90.4 

90.0 

99.8 

97. 7 

95.2 

100.2 

100.2 

99.8 

99.7 

100.4 

96.3 

94.5 

279, 300 

.  186,370 

458,650 

79,500 
458,650 
269, 920 
280,440 
275, 170 
129, 370 

74, 021 
169, 120 
190, 210 
316, 900 

95, 740 
123, 480 
177, 740 
474, 860 
133,940 
111,700 
340, 580 
246, 170 
421,680 
219, 410 
220,400 

49,260 
121,170 
221,601 

105.4 

103.8 

106.0 

101.7 

106.0 

106.0 

103.0 

106.0 

103.0 

99.1 

98.8 

98.1 

101.0 

98.4 

95.9 

95.2 

106.0 

103.0 

100.5 

103.6 

106.0 

a  109. 9 

105.0 

104.9 

101.6 

99.3 

100.1 

1.63 
0.76 
4.47 
0.29 
6.27 
0.84 
2.58 
3.08 

0.33 
0.74 
1.43 

6.21 
0.45 

2.96 
2.25 
5.47 
0.75 
2.24 

3.58 
4.09 
4.17 
3.58 
4.17 
8.91 
3.67 
4.09 
3.77 
2.65 
3.84 
3.87 
4.38 
3.60 
3.30 
3.00 
4.20 
3.67 
3.38 
3.91 
3.91 
4.20 
4.09 
3.67 
3.83 
2.83 

102.4 

100.5 

101.8 

98.4 

101.8 

102.1 

102.3 

101.9 

99.2 

96.5 

95.3 

95.0 

98.0 

94.8 

92.6 

92.2 

101.8 

99.7 

97.2 

102.1 

102.1 

101.8 

101.7 

102.3 

98.8 

96.5 

1.9 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
2.0 
2.0 
2.0 
2.1 
2.1 
2.0 
2.1 
2.2 
2.2 
2.0 
2.0 
2.0 
1.9 
1.9 
2.0 
2.0 
1.9 
2.0 
2.0 

1876-77 

1877-78 

1878-79 

1879-80 t... 

1880-81 

1881-82 

1882-83 

1883-84 

1884-85 

1885-86 ... 

1886-87 

1887-88 

1888-89 

1889-90 

1890-91 

1891-92 

1892-93 

1893-94 

1894-95 

1895-96 

1896-97 

1897-98 

1898-99 

1899-1900 

a  Maxim  am  level. 
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Referring  to  the  foregoing  table,  the  "intake"  is  the  increase  in 
volume  represented  by  the  difference  between  the  low-water  and 
the  high-water  levels.  By  the  ** resulting  level"  is  meant  the  height 
the  lake's  surface  would  attain  after  the  addition  of  the  intake  to  the 
previous  low-water  level.  Thus,  279,300  acre-feet  flowing  into  the 
lake  when  the  level  was  98.7  feet  (the  low- water  mark  of  1873)  would 
cause  a  rise  to  105.4  feet.  The  **  summer  evaporation"  is  tuken  from 
the  table  on  page  36.  The  "winter  discharge"  is  based  on  the 
assumption  that  as  much  water  is  discharged  while  the  lake  is  rising 
as  is  discharged  while  it  is  falling  through  the  same  distance.  As 
the  outflow  in  the  later  fall  months  is  very  small,  the  periods  of  dis- 
charge may  be  taken  as  approximately  equal  and  the  element  of  time 
be  eliminated.  If  there  be  any  fluctuations  in  level  while  the  lake  is 
rising,  which  is  far  more  probable  than  while  it  is  falling,  then  the 
"winter  discharge"  must  exceed  the  "summer  discharge;"  so  what- 
ever  error  there  may  be  in  the  above  assumption  is  on  the  side  of  con- 
servatism. The  "  winter  discharge"  given  in  this  table  is,  therefore, 
the  "summer  discharge"  found  by  subtracting  the  evaporation  given 
in  the  table  on  page  36  from  the  fall  of  the  lake's  surface  given  in  the 
same  table.  In  the  cases  where  the  evaporation  is  greater  than  the 
fall,  nothing  is  allowed  for  the  "winter  discharge."  The  "working 
level "  is  found  bj'^  subtracting  the  difference  between  the  "  winter  dis- 
charge "  and  the  "summer  evaporation "  from  the  "  resulting  level; "  it 
represents  the  level  at  which  the  lake  would  stand  in  the  fall  were  no 
water  taken  out  for  irrigation.  As  the  top  of  the  outlet  weir  is  fixed 
at  106  feet,  whenever  the  lake  rises  above  that  level  the  water  is 
wasted.  Accordingly,  whenever  the  "  resulting  level,"  or  the  "  result- 
ing level  plus  the  "winter discharge,"  is  above  106  feet,  the  "summer 
evaporation"  is  subtracted  from  106  feet,  as  it  is  at  that  point  that 
the  evaporation  begins.  The  "depth  used "  shows  the  depth  of  reser- 
voir necessary  to  store  80,000  acre-feet  of  water  at  the  various  levels. 
Subtracting  the  "depth  used"  from  the  "working  level,"  the  mini- 
mum "  fall  level"  is  obtained. 

In  the  season  of  1888-89,  under  our  hypothetical  conditions  the 
lake  would  have  fallen  to  90  feet,  and  in  the  previous  j'ear  to  90.4 
feet.  The  next  lowest  levels  would  have  been  92.7  feet  and  92.9  feet, 
in  the  seasons  of  1886-87  and  1884-85,  respectivel3^  Following  our 
basis  of  calculation,  to  allow  80,00C  acre- feet  for  each  and  every  irri- 
gating season  the  outlet  of  the  lake  should  be  fixed  at  90  feet.  As 
no  "  winter  discharge  "  has  been  allowed  for  a  number  of  seasons,  and, 
furthermore,  as  it  seems  that  the  rate  of  evaporation  used  is  too 
large,  it  appears  almost  certain  that  100,000  acre-feet  might  have 
been  used  continuously  for  the  last  twenty-seven  years.  This  is 
tantamount  to  claiming  that  with  the  weir  height  and  outlet  fixe<l  at 
ion  feet  and  90  feet,  respectively,  100,000  acre-feet  may  safely  be 
draNvn  from  Clear  Lake  reservoir  every  season. 
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Cost  of  outlet  channel. 

Dredging  (10  per  cent  of  excavation),  201,336  cnbic  yards  at 
80.35 .   $70,468 

Cartage  (10  per  cent  of  excavation),  201,387  cnbic  yards  at 
^.17 84,327 

Excavation  by  wheel  scrapers  (80  per  cent),  1,610,692  cnbic 
yards  at  $0.10 161,069 


Total 265,764 

Referring  again  to  the  table  on  page  39,  it  will  be  seen  that  the 
greatest  height  which  the  water  would  attain  was  in  1894-95,  when,  if 
the  whole  amount  had  come  from  a  single  storm,  the  maximum  level 
would  have  been  115.37  feet  (109.9+5.47).  As  such  a  condition  is  not 
to  be  expected,  the  top  of  the  embankment  may  safely  be  placed  at 


Fig.  8.— Profile  of  Clear  Lake  outlet  embankment. 

116  feet  (10  feet  above  the  level  of  the  lake  when  full),  which  wiD 
allow  a  good  margin  for  wave  action.  A  profile  of  the  embankment 
is  shown  in  fig.  8.     Following  is  the  estimate  on  the  embankment: 

Embankment  for  plear  Lake  reservoir. 


Length. 

Top  width. 

Inner 
slope. 

Outer 
slope. 

Elevation 
of  top. 

Filling. 

1 

Feet 
4,300 

Feet 
13 

3  to  1 

2  to  1 

Feet.            Cu.  yds. 

116     ,  a  66,  878 

1                       1 

a  Includes  10  per  cent  for  shrinkage. 

The  cost  of  the  embankment  would  be  $16,720 — 66,878  cubic  yards 
of  filling  at  25  cents. 

The  outlet  weir  may  safely  be  estimated  at  $50,000.  It  is  based  on 
a  design  for  18  concrete  piers,  with  openings  4  feet  wide  and  16  feet 
deep,  closed  by  specially  designed  iron-bound  flashboards  working 
in  iron  grooves  in  masonry.  The  entire  structure  is  to  rest  on  a  gril- 
lage of  timber  40  feet  by  180  feet  by  2  feet  thick,  the  whole  supported 
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by  1,224  piles,  driven  at  least  16  feet  into  the  ground.  A  view  of  the 
regulating  weir  is  shown  in  PI.  X. 

The  estimate  also  provides  for  heavy  retaining  walls  of  concrete 
resting  on  timber  platforms  on  pile  foundations. 

The  entire  cost  of  the  proposed  works  is  as  follows : 

Cost  of  proposed  storage  works  at  Clear  Lake. 

Ontlet  channel $365,764 

Embankment 16,720 

Riprapping 50,000 

Outlet  weir 50,000 

Damages  to  property 70,000 

Total  cost 452,484 

Considering  80,000  acre-feet  as  the  maximum  storage  capacity, 
the  cost  becomes  $5.66  per  acre- foot;  but  if  we  count  upon  100,000 
acre-feet  (not  an  improbable  figure)  as  the  maximum  storage  capac- 
ity, the  cost  is  only  $4.52  per  acre-foot. 

These  matters  are  more  fully  discussed  in  the  appended  report  on 
the  Clear  Lake  outlet,  by  Mr.  J.  II.  Quinton. 

LANDS  FOR  RESERVOIR. 

In  the  Eleventh  Annual  Report  of  the  United  States  Geological 
Survey,  Part  II  (Irrigation),  pages  159  to  164,  there  is  given  a  list  of 
the  segregations  suggested  in  1889  for  the  Clear  Lake  reservoir. 
PL  LXXXV,  page  151  of  that  report,  is  a  map  of  this  territory,  the 
aggregate  of  which  is  50,920  acres.  Virtually  all  of  the  land  recom- 
mended for  segregation  was  taken  up  prior  to  1889.  The  land  on  the 
immediate  shore  of  the  lake  was  necessarily  sold  in  lots,  the  outer 
boundary  being  the  meander  shore  line  of  the  land  survey.  With 
the  exception  of  small  tracts  taken  up  in  1890  and  1894,  none  of  the 
land  listed  has  been  taken  up  since  1888.  The  purchase  of  1890  is  as 
follows : 

SW.  i  of  NW.  i  of  sec.  20,  T.  14  N.,  R.  8  W.,  M.  D.  M. 

The  land  purchased  in  1894  was  taken  up  as  California  swamp  and 
overflow  land,  and  is  as  follows: 

Lots  1,  2,  3,  4,  and  5  (118  acres)  of  sec.  28,  T.  14  N.,  R.  9  W.,  M.  D.  M. 
NW.  i  of  NW.  i  of  sec.  33,  T.  14  N.,  R.  9  W.,  M.  D.  M. 

The  following  is  a  list  of  the  remaining  territory: 

SE.  i  of  NE.  i  of  sec.  32,  T.  13  N.,  R.  8  W.,  M.  D.  M. 
S.  ^  of  NW.  i  of  sec.  86,  T.  14  N.,  R.  8  W.,  M.  D.  M. 
8.  i  of  NE.  i  of  sec.  86,  T.  14  N.,  R.  8  W.,  M.  D.  M. 
NW.  i  of  sec.  36,  T.  14  N.,  R.  9  W.,  M.  D.  M. 
NE.  i  of  NE.  i  of  sec.  86,  T.  14  N.,  R.  10  W.,  M.  D.  M. 
W.  *  of  SE.  i  of  sec.  36,  T.  15  N.,  R.  9  W.,  M.  D.  M. 
SE.  i  of  SW.  i  of  sec.  36,  T.  15  N.,  R.  9  W.,  M.  D.  M. 
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Thus,  out  of  the  50,020  acres  recommended  for  segregation,  lt»3 
acres  have  been  taken  up  since  1889,  the  date  of  the  recommenda- 
tion, and  520  acres  still  remain  as  public  land.  In  considering  this 
remainder,  520  acres,  no  account  has  been  t^ken  of  the  land  which 
lies  within  the  meander  shore  line. 

CLEAR  LAKE  OUTLET.' 

In  designing  a  regulating  weir  for  the  outlet  of  Clear  Lake,  I-akf 
County,  California,  the  following  conditions  had  to  be  observed: 

(1)  To  regulate  levels  of  water  between  elevations  of  90  and  106 
feet  above  datum. 

(2)  To  provide  for  measuring  accurately  the  quantity  of  water  to 
be  delivered  at  any  and  all  times  during  the  irrigating  season. 

(3)  To  provide  sufficient  waterway  over  the  weir,  with  all  openings 
closed,  to  e^rry  the  greatest  possible  flood  at  full  reservoir  without 
raising  the  water  to  such  a  height  as  to  inundate  valuable  lands 
adjacent  to  the  lake. 

(4)  To  arrange  the  outlets  so  as  to  give  the  maximum  delivery  for 
minimum  cost  of  construction  and  maintenance. 

(5)  To  make  gates  so  simple  as  to  preclude  their  getting  out  of 
order.     . 

As  designed  (see  PI.  X),  the  weir  consists  of  18  piers  of  concrete, 
each  6  feet  wide,  16  feet  high,  and  20  feet  thick  at  base,  with  19  open- 
ings, each  4  feet  wide  and  16  feet  deep,  closed  by  dashboards  working 
in  steel-lined  grooves  in  the  sides  of  the  piers,  the  whole  supported 
by  a  double  grillage  of  12-inch  by  12-inch  timbers  resting  on  more 
than  1,200  piles.  The  ends  of  the  weir  are  formed  of  heavy  curved 
retaining  walls  of  concrete,  as  shown  in  PI.  X.  The  curved  portions 
of  the  retaining  walls  to  be  strengthened  for  tensile  strains  from  the 
pressure  of  earth  against  the  straight  walls  when  the  water  is  low,  by 
embedding  old  steel  cables  or  rods  in  the  concrete  around  the  curves 
and  extending  them  into  the  straight  walls  at  each  end.  The  flash- 
boards  are  12  inches  wide  and  4  inches  thick,  and  are  bound  with  steel 
on  the  ends  and  sides,  so  as  to  flt  accurately  when  dropped  into  place. 

Through  each  flashboard  two  steel  rods  will  be  secured,  so  as  to 
project  about  1^  inches  on  each  side  of  the  board,  to  facilitate  raising 
it  when  submerged.  Suitable  hooks  attached  to  light  chains  can  be 
dropped  under  these  projecting  rods,  and  in  case  of  much  pressure 
a  small  portable  tripod  with  differential  pulley  attached  may  be  set 
up  on  the  footbridge,  to  start  the  flashboard  from  its  seat.  The  foot- 
bridge (designed  to  afford  access  to  the  flashboards  when  the  water  is 
high)  is  supported  on  trestlework  running  across  the  top  of  the  weir. 
The  bents  of  this  trestle  are  10  feet  apart,  and  are  anchored  in  the 
tops  of  piers.     When  the  water  is  low,  the  foot  planks  can  be  supported 

1  Report  of  J.  H.  Quinton. 
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on  steel  rods  projecting  from  the  upper  sides  of  the  piers.  When  the 
level  of  the  water  is  at  the  top  of  the  weir,  the  following  amounts  would 
flow  through  the  openings: 

Discharge  through  weir  openings. 


Number  of 
flashboards 
.    removed. 

Discharge 

through  1 

openmg. 

Discharge 

through  19 

openings. 

1 

Ott.  ft.  per 
second. 

13.3 

37.3 

69.2 

106.6 

149.2 

Cu.  ft.  per 
second. 

252.7 

708.7 

1,314.8 

2, 025. 4 

2,a34.8 

2...     ... 

3 

4 

0 

Assuming  the  duty  of  the  reservoir  to  be  80,000  acre-feet  annually, 
and  that  this  amount  will  have  to  be  delivered  through  the  ox)enings 
in  120  days  (the  length  of  the  irrigating  season),  the  amount  of  water 
which  would  have  to  be  turned  out  daily  during  that  time  would  be — 

80,000  acre-feet^  333  g^cond-feet. 
2  X  120 

So  that,  except  in  case  of  a  storm,  it  would  seldom  be  necessary  to 
remove  more  than  two  flashboards  the  entire  length  of  the  weir. 

When  the  water  is  level  with  the  top  of  the  weir,  the  water  pressure 
on  the  boards  would  be  as  follows: 

First  board,  4x31.25=125  pounds. 
Second  board,  4x1.5x62.5=375  pounds. 
Third  board,  4x2.5x62.5=625  pounds. 

As  the  coefficient  of  friction  for  steel  on  steel  is  only  0.14,  the  pull 
required  to  move  the  third  board  would  be  only  0.14x625  pounds= 
87.5  pounds,  and  this  could  easily  be  exerted  without  the  aid  of  a 
pulley. 

When  the  water  is  at  the  level  of  the  top  of  the  weir,  the  greatest 
pressure  on  the  lowest  flashboard  is  4,000  pounds.  Taken  as  a  beam 
supporting  this  uniform  load,  the  skin  stress  on  the  lumber  would  be 
only  750  pounds  per  square  inch,  a  factor  of  safety  of  at  lea^t  7  for 
Oregon  pine.  Under  similar  circumstances  the  greatest  pressure  on 
a  pier,  including  that  on  the  flashboards  on  each  side,  would  be  10  x 
10x8x62.5=80,000  pounds,  acting  horizontally  at  one-third  of  the 
height  of  the  pier  from  the  base.  The  concrete  in  the  pier  measures 
1,320  cubic  feet  and  weighs  approximately  1,320x130  =  171,600 
pounds.  With  three  flashboards  removed  from  each  opening  and 
with  2,835  second-feet  of  water  flowing  into  the  lower  channel,  the 
depth  of  water  here  would  be  6  feet;  and  if  the  water  worked  its  way 
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underneath,  the  pier  might  lose  in  weight  about  45,000  pounds.  AVhen 
all  of  the  flashboards  are  in  place  and  5  feet  depth  of  water  (6,832 
second-feet)  is  flowing  over  the  weir,  the  depth  of  water  in  the  chan- 
nel below  would  be  10  feet.  Of  course  this  would  be  an  extreme  case 
and  one  quite  unlikely  to  occur  if  the  flashboards  were  removed  as 
the  water  rose,  so  as  to  keep  the  water  as  nearly  at  the  level  of  the 
top  of  the  weir  as  possible.  In  such  a  case,  however,  the  piers  would 
practically  be  submerged  and  would  lose  considerable  of  their  weight, 
so  that  the  i)ossibility  of  their  being  moved  bodily  downstream  had  to 
be  considered.  To  prevent  this  tendency,  the  piers  are  built  on  the 
first  platform  of  12-inch  by  12-inch  timbers,  which  is  bolted  to  the 
caps  on  the  piles.  The  second  or  upper  platform  of  12-inch  by  12-inch 
timbers,  which  is  securely  bolted  to  the  first  platform,  surrounds  the 
piers  on  three  sides,  so  that  there  is  no  possibility  of  the  piers  being 
moved  downstream. 

To  prevent  too  much  vibration  from  the  water  falling  over  the 
flashboards,  secondary  steel  grooves  are  placed  near  the  lower  end  of 
the  piers,  in  which  three  or  four  flashboards  may  be  dropped,  so  as  to 
form  a  cushion  for  the'falling  water. 

In  order  to  keep  the  platform  constantly  wet  during  low  water, 
which  is  essential  to  its  preservation,  a  12-inch  by  12-inch  timber  is 
run  the  entire  distance  across  its  lower  edge,  being  securely  bolted 
to  it  with  driftbolts.  This  forms  a  second  cushion  for  the  water 
flowing  from  the  openings  in  the  weirs,  and  also  keeps  the  entire  plat- 
form and  piling  continually  submerged. 

The  measurement  of*  any  quantity  of  water  during  the  irrigation 
season  can  easily  be  effected — (1)  by  removing  the  number  of  boards 
necessary  to  measure  quantities  greater  than  13  cubic  feet  per  second, 
and  (2)  by  raising  one  flashboard,  so  as  to  form  a  submerged  opening 
of  the  size  required,  to  measure  smaller  quantities.  It  is  evident  that 
within  reasonable  limits  this  will  afford  a  very  effective  and  simple 
method  of  measurement. 

It  is  proposed  to  run  small  horizontal  grooves  a  few  inches  apart 
on  the  sides  of  the  piers,  so  as  to  admit  air  under  the  jets  falling  over 
the  flashboards. 

It  is  believed  that  the  weir  as  designed  will  meet  all  requirements. 
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LETTER  OF  TRANSMITTAL. 


Dkpaktment  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  D.  C,  March  6 ^  1901, 
Sir:  I  have  the  honor  to  transmit  herewith  two  manuscripts  for 
publication  together  in  the  series  of  papers  upon  water  supply  and 
irrigation. 

The  first  manuscript  is  by  Mr.  Frank  H.  Olmsted,  a  civil  engineer 
of  southern  California,  and  relates  to  the  physical  characteristics  of 
the  catchment  area  of  Kern  River,  California.  In  this  paper  the 
author  describes  the  drainage  basin  and  estimates  the  amount  of 
water  coming  from  it  and  the  power  available  from  a  complete  utili- 
zation of  the  various  portions  of  the  stream.  He  also  discusses  the 
utilization  of  this  power  in  pumping  for  irrigation. 

The  ultimate  development-  of  a  considerable  portion  of  the  arid 
region  depends  not  only  upon  complet-e  storage  and  control  of  the 
streams,  but  upon  the  largest  possible  use  of  the  power  which  may  be 
generated  in  the  upper  or  steeper  portions  of  the  channel  and  trans- 
mitted electrically  out  upon  the  plains,  to  be  used  in  bringing  to  the 
surface  the  moisture  which  has  sunk  below  the  reach  of  the  roots  of  the 
plants.  By  this  means  the  area  of  cultivation  can  be  greatly  extended ; 
and,  as  shown  by  Mr.  Olmsted,  the  cost  of  pumping  this  water  and 
applying  it  to  the  soil  may,  under  favorable  conditions,  be  less  than 
that  of  obtaining  a  supply  by  gravity. 

In  earlier  pamphlets  of  this  series  of  Water-Supply  Papers  the  util- 
ization of  wind  power  for  this  purpose  has  been  discussed,  the 
efficiency  of  the  windmill  has  been  described,  and  the  advantages  due 
to  tlie  small  cost  and  independent  construction  of  each  mill  have 
been  shown.  Where,  however,  it  is  practicable  to  obtain  electric 
power  at  small  cost,  pumping  plants  operated  by  electricity  can  be 
widely  distributed  and  may  have  certain  advantages  over  the  wind- 
mill. It  is  therefore  important,  in  any  discussion  of  the  method  of 
utilizing  the  water  resources,  to  bring  to  public  attention  the  possible 
developments  along  this  line. 

Tlie  second  manuscript  presented  herewith  has  been  prepared  by 
I>r-  Marsden  Manson,  and  relates  to  Yuba  River,  a  tributarj'  of  the 
Sacramento.  Dr.  Manson  discusses  the  physical  conditions  and  stor- 
age possibilities  of  this  stream,  bringing  out  particularly  the  import- 
ance  of  preserving  the  forest  cover  on  the  upper  catchment  basin, 
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and,  if  possible,  increasing  this  by  artificial  means;  and  shows  by 
estimates  the  possible  increase  of  available  water  through  complete 
afforestation  of  the  area.  The  I'elation  of  forests  to  river  flow  b 
believed  to  be  of  great  importance,  and  is  a  matter  npon  which  pre- 
cise data  are  needed.  It  is  hoped  that  as  the  systematic  river  meas- 
urements continue  it  will  be  possible  to  stat-e  more  and  more  defi- 
nitely the  precise  relation  which  the  forest  cover  bears  to  the  behavior 
of  the  stream. 

The  protection  of  the  forests  by  the  creation  of  reservations  and 
the  conservation  of  the  waters  through  reservoirs  eonstnicted  within 
these  various  reservations  are  of  such  vital  importance  to  the  utiliza- 
tion of  the  arid  lands  of  the  West,  both  by  direct  irrigation  and  by 
the  creation  of  power  for  pumping  water,  that  all  matters  pertaining 
to  these  subjects  have  interest  to  the  citizens  of  the  country  as  the 
great  landowners. 

It  is  for  these  reasons  that  these  manuscripts  are  presented  as  i-on- 

tributions  to  a  larger  knowledge  of  the  subject. 

Very  respectfully, 

F.  H.  Newbljl., 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Sitrvey. 


PHYSICAL  CHARACTERISTICS  OF  KERN 

RIVER.  CALIFORNIA,  WITH  SPECIAL 

REFERENCE  TO  ELECTRIC  POWER 

DEVELOPMENT. 


By  Frank  H.  Olmsted. 


IXTRODl  CTIOX. 

The  development  of  southern  California  has  been  retarded  by 
three  factors  which  are  still  operative:  (1)  Distance  from  the  world's 
markets  and  commercial  centers;  (2)  shortage  of  water;  (3)  lack  of 
cheap  fuel  and  power.  Volumes  might  be  written  in  regard  to  the 
relation  which  the  development  of  water  in  southern  California  bears 
to  the  progress  of  the  people,  but  broadly  stated  it  may  be  Said  that 
the  real  development  of  this  section  will  be  defined  and  limited  by 
the  amount  of  water  available  for  irrigation  from  San  Diego  to  Santa 
Barbara  and  from  San  Pedro  to  the  desert  on  the  east.  Regarding 
cheap  fuel  and  x)ower,  neither  Los  Angeles,  the  commercial  center  of 
this  section,  nor  any  other  place  in  southern  California  has  had  it, 
and  even  now,  when  it  is  reasonable  to  suppose  that  the  local  oil 
industry  is  at  its  best,  the  price  of  oil  is  approaching  $1  a  barrel 
of  42  gallons;  or,  expressed  differently,  the  cost  of  oil  as  fuel  is  equal 
to  bituminous  coal  at  $4  a  ton.  During  the  last  five  years  Los  Angeles 
has  had  an  industrial  awakening  corresponding  to  this  decrease  in  the 
cost  of  fuel  from  $7  or  S8  a  ton  to  $4  a  ton. 

During  the  first  year  of  its  advent  in  the  Los  Angeles  market  the 
cost  of  oil  ranged  between  $0.40  and  $1  a  barrel.  Most  of  the  users  of 
coal  at  that  time  found  it  economical  to  change  their  gratis  to  oil 
burners,  but  since  1896  the  tendency  of  the  oil  market  has  been 
upward,  until  now  the  cost  of  oil  is  $0.75  to  $1  a  barrel.  At  $1.50  a 
barrel  oil  as  fuel  is  no  cheaper  than  Gallup  coal  at  $7  a  ton,  except 
that  usually  the  oil  feeder  is  arranged  so  as  not  to  require  an  attend- 
ant, thus  saving  the  wages  of  a  stoker.  In  carload  lots,  the  cost  of 
Wellington  bituminous  coals  is  about  $1  a  ton  more  than  the  Eastern 
lignites;  and,  limited  as  the  output  has  been,  at  present  it  virtually 
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controls  the  Los  Angeles  market.  During  at  least  half  of  the  year 
the  demand  in  Los  Angeles  is  so  near  the  greatest  available  supply 
that  outside  orders  for  coal  are  not  sought.  The  oil  supply  has  con- 
tributed to  the  industrial  advancement  of  southern  Califomia,  and 
there  are  many  reasons  for  believing  that  with  cheap  electric  jjower 


Fio.  1.— Map  showing  minor  drainage  basins  of  upper  Kern  Blver. 

the  manufactures  and  industries  of  southern  Califomia  in  general 
and  of  the  city  of  Los  Angeles  in  particular,  would  quickly  respond, 
and  that  their  growth  would  be  upon  a  safer  foundation  and  a 
broader  basis.  T^e  future  outlook  does  not,  however,  waiTant  the 
hope  for  much  better  fuel  rates,  even  with  the  construction  of  the 
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Salt  Lake  Railroad  assured;  but  there  is  good  reason  to  expect 
cheaper  power,  and  if  this  expectation  is  realized,  the  greater  part  of 
tlio  power  must  come  from  Kern  River. 

PHYSICAIi  FKATURES. 

Kern  River  rises  on  the  western  slope  of  the  Sierra  Nevada,  the 
greatest  mountain  range  in  the  United  States.  For  a  distance  of  100 
miles  the  average  elevation  of  this  crest  line  is  more  than  11,000  feet 
aT)ove  the  sea,  and  so  great  is  the  run-off  that  within  the  first  15  miles 
of  its  course  the  river  receives  80  per  cent  of  its  total  summer  flow  at 
the  mouth  of  its  canyon  100  miles  away.  The  drainage  area  of  the 
stream  above  the  latter  point  is  2,349.3  square  miles.  Fig.  1  is  a  map 
showing  the  distribution  of  this  drainage  area,  the  minor  drainage 
basins  being  outlined  and  their  respective  areas  given.  The  follow- 
ing tables  give  the  names  and  the  respective  areas  of  these  minor 
drainage  basins : 

^4  reaH  of  viinor  drainage  basins  of  North  Fork  of  Kern  River, 

Square  miles. 

Headwaters 818.5 

WhitneyCreek 58.8 

SmallCreek 28.0 

Ninemile  Creek _ 7.5 

Menache  Creek _ 25. 0 

Trout  Meadow  Creek _ 25. 5 

Harris  Creek 57.5 

Tibbetts Creek...  80.0 

Brash  Creek 49.5 

Sa'.mon  Creek 81.0 

Corral  and  other  creeks 75. 0 

Little  Kern  River 142.5 

Needles  Creek 17.5 

ClarkCreek 26.0 

Jackson  Creek 27.5 

WadeCreek 39.5 

Tobias  and  other  creeks 57.0 

BnllRnn  Creek 28.7 

TillyCreek 30.0 


Total  to  junction  of  South  Fork 1,070.0 

Areas  of  minor  drainage  bajrins  of  South  Fork  of  Kern  River, 

Square  miles. 

Headwaters 165.0 

Fish  Creek 51.8 

Middle  tributaries   335.0 

Lower  tributaries  from  north 65.0 

Lower  tributaries  from  south 388. 0 


Total  to  junction  with  North  Fork 1,004.8 
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Drainage  areas  of  Kern  River. 

Square  milea. 

North  Fork 1,070.0 

South  Fork 1,004.8 

TributarieB  from  north  side  after  junction 84.5 

Tri  butaries  from  south  side  af  t«r  junction 190. 0 


Total 2,349.3 

The  length  of  Kern  River  from  King  River  summit,  on  its  main 
fork,  to  the  mouth  of  the  canyon  above  Bakei-sfield  is  118  mile.s. 
The  channel  is  in  granite,  and,  with  the  exception  of  a  few  drops  iu 
the  lower  reaches  of  the  stream,  the  grades  are  fairly  uniform.    In 


/O  mile  5 


CO  miles 


SO  $0  ISo 

Fio.  2.— Profile  of  Kern  River. 


the  02  miles  above  Kernville  the  stream  falls  5,600  feet,  and  in  the  4> 
miles  below  Kernville  it  falls  about  2,100  feet,  A  view  of  the  rivtr 
near  Kernville  is  shown  in  PI.  I,  and  a  profile  of  the  stream  in  fig,  t 
Fig.  3  is  a  view  of  a  mountain  vallej^  in  the  basin  of  the  river. 

The  South  Fork  of  the  stream,  which  rises  just  south  of  Cirque 
Peak,  is  83  miles  long  to  its  junction  with  the  North  (or  main)  Fork 
at  Isabella.  The  main  range  of  the  Sierra  Nevada  drops  off  rapidly 
just  south  of  Cirque  Peak,  which  may  account  in  a  large  measnre  for 
the  comparatively  small  flow  of  the  South  Fork.  This  branch  of 
Kern  River  possesses  one  decided  advantage  over  the  other  branch, 


LiMBTED.l 
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mcl  over  most  California  streams,  in  that  it  has  a  succession  of  par- 
licularly  fine  reservoir  sites  along  a  channel  otherwise  distinguished 
oy  reaches  of  rapid  descent.  A  profile  of  the  South  Fork  is  shown 
in  fig:.  4. 

The   entire   flow  of   Kern   River  is  utilized  for  irrigation  in  the 


Fio.  3.  —View  of  mountain  valley  in  Kern  River  Basin. 

southern  end  of  San  Joaquin  Valley,  and  were  it  not  for  the  great 
evaporation  losses  from  the  Buena  Vista  Lake  reservoir  the  system 
could  be  called  effective.  The  power  of  the  stream,  which,  with  one 
small  exception,  is  available  in  large  units,  wastes  itself  upon  the 
marbled  bowlders  and  granite  bed  rock  of  the  canyon,  and  suggests 


Fio.  4.— Profile  of  South  Fork  of  Kern  River. 


an  encouraging  field  for  immediate  investigation.  The  need  of 
power  in  the  agricultural  valleys  of  California  was  never  so  apparent 
as  now,  after  a  series  of  dry  years,  when  the  ordinary  flow  of  the 
streams  has  diminished  to  the  extent  of  eliminating  much  hitherto 
vahiable  land,  which  of  course  precludes  further  development  along 
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gravity  lines.  Power  applied  to  the  pumping  of  water  from  the 
gravel  beds  which  underlie  most  of  the  California  streams  where  they 
debouch  from  their  ealiyons  at  once  solves  the  difficulty;  and  where 
the  water  plane  is  not  far  below  the  surface  this  method  of  irrigation 


Fia.  5.— Map  showing  points  of  stream  measurements. 

is  in  many  ways  more  convenient  and  perhaps  not  more  expensive 

than  the  ordinary  canal. 

VOIiUME. 

From  daily  measurements  continued  through  a  series  of  years  the 
run-off  of  Kern  River  Basin  is  well  established,  though  the  precipita- 


OLMSTED.] 
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tion  and  the  local  discharges  In  the  watershed  are  still  in  qaestion.\ 
Mr.  Henry  Hawgood,  Mem.  Inst,  of  C.  E. ,  who  has  made  a  careful  study 
of  the  physical  conditions  existing  in  the  watershed  of  Kern  River, 
more  particularly  in  that  of  the  North  Fork,  has  estimated  the  annual 
precipitation  for  the  North  Fork  above  Isabella  at  25.4  inches,  with 
a  run-off  of  12.5  inches.  This  would  give  a  mean  annual  flow  of 
the  North  Fork  of  982  second-feet.  Mr.  Hawgood  estimates  the  rain- 
fall of  the  entire  basin  at  23  inches,  and  the  mean  run-off  at  7.8 
inches.  On  this  last  assumption  the  mean  discharge  of  Kern  River 
at  its  mouth  would  be  1,350  second-feet.  As  a  fact,  however,  for  the 
last  five  years  (1895-1899) — a  period  of  exceptional  drought  in  the 
basin — the  stream  has  had  a  mean  annual  discharge  at  First  Point  of 
Measurement,  near  Bakersfield  (see  map,  PL  III),  of  864  second-feet, 
or  64  per  cent  of  the  normal  assumed  by  Mr.  Hawgood. 

In  June,  1900,  stream  measurements  made  by  the  writer  above 
Kern  Lake,  about  90  miles  above  First  Point  of  Measurement,  showed 
that,  when  considered  with  measurements  made  at  the  latter  place 
and  making  a  time  allowance  for  the  distance  between,  the  discharge 
of  the  upper  part  of  the  stream  was  99  per  cent  of  that  of  the  lower 
part.  The  loss  in  volume  in  the  passage  of  939  second-feet  of  water 
(the  amount  flowing  in  the  river  just  above  Kern  Lake  on  June  27, 
1900)  from  Kern  Lake  to  Bakersfield  can  not  be  stated  accurately, 
but  in  the  lower  reaches  of  the  stream,  from  Isabella  to  Bakersfield, 
where  the  conditions  are  similar,  the  loss  when  the  flow  was  1,333 
second-feet  was  determined  by  the  writer  to  be  3.21  second-feet  to  the 
mile.  On  this  basis,  on  June  27, 1900,  the  flow  of  the  North  Fork  just 
above  Kern  Lake  was  equal  to  83  per  cent  of  the  flow  of  Kern  River 
at  First  Point  of  Measurement.  Fig.  5  is  a  map  showing  the  points 
where  stream  measui'ements  were  made,  and  the  following  table  gives 
the  dates  of  the  measurements  and  the  discharge  in  second-feet,  the 
numbers  in  the  table  corresponding  to  the  numbers  on  the  map. 

Discharge  measurements  of  Kern  River  and  tributaries  at  points  shown  on  map 

{Jig.  6). 


Location. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
13. 
13. 
U. 
15. 


Date. 


1900. 

(First  Point  of  Measure- 
ment. ) 

Jane  19 

June  20 

do 

June  21 

Jnne22 

do 

do 

June  28 

do 

do 

June  24 

do 

Jime25 

do 


Discharge. 


Sec.-ft. 


1.31 
14.18 

1,333.17 
2.30 
0.32 
3.45 
2.92 
5.07 
5.74 
5.19 
4.26 
81.00 

1,154.90 
8.45 


Location. 


16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 


Date. 


Jane  f& 
June  29 
June  25 
June  27 

do.. 

do.. 

June  28 , 
June  29 

do.. 

do.. 

June  30 
July  2.. 

do.. 

July3... 
do.. 


1900. 


Discharge. 


Sec-ft. 

2.8> 

L80 

4.87 

989.60 

39.11 
4.72 
3.67 

Dry. 
L04 
8.22 
4.06 
2.88 

11.05 
1.96 
7.31 


IRR  46—01- 
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Since  September,  1893,  the  Kern  County  Land  Company  has  made 
careful  daily  measurements  of  the  flow  of  Kern  River  at  First  Point 
of  Measurement.  At  Rio  Bravo  ranch,  in  sec.  11,  T.  29  S.,  R.  29  E., 
M.  D.  M.,  8i  miles  above  First  Point  of  Measurement,  the  flow  of  the 
river  has  been  measured  for  many  yeara  by  the  State  engineer  of  Cal- 
ifornia. It  is  estimated  by  Mr.  James,  chief  engineer  of  the  Kem 
County  Land  Company,  that  there  is  a  loss  of  50  second-feet  between 
these  gaging  stations.  The  accompanying  tables  give  the  monthly 
discharge  of  the  river  at  Rio  Bravo  ranch  for  the  years  1878-l.v<4, 
inclusive,  and  at  First  Point  of  Measurement  for  the  years  1893-19*'' , 
inclusive.  On  page  22  is  a  comparative  table  of  the  estimated  daily 
discharge  of  the  river  during  1900  at  First  Point  of  Measurement  and 
just  below  Tobias  Creek,  which  is  17  miles  above  the  mouth  of  the 
South  Fork  of  Kern  River  and  about  2  miles  above  the  mouth  of  Sal- 
mon Creek,  and  enters  the  North  Fork  from  the  east. 

On  pages  22  and  23  is  a  table  of  miscellaneous  discharge  measure- 
ments of  Kern  River  and  its  tributaries,  and  on  the  latter  page  an? 
tables  of  rainfall  at  three  places  in  Kern  River  Basin. 

Estimated  monthly  discharge  of  Kem  River  at  Bio  Bravo  ranch^ 


Month. 


November 
December 


1878. 


January.. 
February  . 

March , 

April , 

May 

June 

July 

Augrast 

September 
October  — 


1879. 


Season. 


November 
December . 


January.. 
February  . 

March 

AprU 

May 

June 

July 

August 

September 
October  ... 


1880. 


Season. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,231 


825 

660 


110 

380 

385 

8,320 

8,660 

4,070 

8,140 

1,600 

846 

7U4 

4,070 


Mini- 
mum. 


146 


184 
280 


dL5 

315 

849 

395 

1,615 

2,740 

1,560 

840 

710 

722 

184 


Mean. 


686 

389 

746 

466 

659 

510 

1,054 

661 

1,231 

680 

1,190 

812 

866 

386 

887 

168 

174 

146 

210 

145 

400 
350 


462 
691 
552 
764 
927 
971 
535 
206 
171 
182 


514 


261 
856 


354 

370 

389 

1,557 

2.659 

3,317 

2.196 

1.060 

767 

758 

1,169 


Run-off. 


Total  in 
acre-feet. 


23,8(12 
21.521 


28,407 
32,823 
33,941 
46.401 
60,999 
67,778 
32,895 
16,866 
10,176 
11.191 


371.860 


16.581 
21.890 


21,767 

21,282 

28,919 

92.648 

163.498 

197.876 

136,027 

66,177 

46.640 

46,606 

850,361 


Depth  in 
inches. 


Second- 
feet  per 
square  , 
mil& 


0.19 
.17 


.23 

.26 
.28 
.87 
.46 
.47 
.26 
.13 
.06 
.09 


2.99 


.13 
.17 


.17 

.17 

.20 

.78 

L3] 

L56 

1.08 

.68 

.87 

.37 

6.79 


0.17 
.15 


.20 
.25 
.34 
.33 
.40 
.42 
,23 
11 

.or 


11 
15 


.15 
.1« 
-IT 
.66 
1.14 
1.42 
.94 
.45 
.S3 

.as 

.5U 
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Estimated  monthly  discharge  of  Kern  River  at  Rio  Bravo  ranch — Continued. 


Month. 


Noyember. 
December 


1880. 


1881. 


January 

February  . 

Marcb 

April 

May 

Jnne 

July 

August 

September 
October  .— 


Season. 


November 
December. 


1882. 


I    January 

I    February  - 

March 

i    April 

May 

Jnne 

July 

'    Angnst 

I    September 

October .... 


Season. 


November 
December. 


1883. 


I    January... 

February  . 
<    March 

April 

May 

Jnne 

July 

AufTt^ 

September 
October  ... 


Season. 


November 
December. 


January.. 
February  . 

March 

April 

May 

Jane 

July 

Aufi^UBt .... 
September 
October ... 


1884. 


Season. 


DischarsT*^  in  second-feet. 


Maxi     j    Mini- 
mum.   I    mum. 


890 
1,480 


1,640 
2,970 
2,100 
2,613 
2,710 
2,300 
1,520 
1,200 
420 
360 


2,970 


360 
410 


380 
610 
1,260 
1,670 
2,000 
1,990 
1.110 


2,000 


695 

790 


950 

1.430 

1,400 

2,100 

2. 060 

1,475 

710 

420 

320 

310 


310 


800 
820 


810 
360 
440 
920 
1,420 
900 
460 


800 


Mean. 


1.263 


337 
350 


885 

395 

600 

1.174 

1,670 

1,306 

726 

330 

330 

830 


665 


280 
280 


280 

350 

700 

1,170 

1,410 

1,170 

940 

470 

350 

280 


'     Total  in 
acre-feet. 


767    ! 
1,063 


1,078 

1,073 

1,570 

2,288 

2,362 

1,890 

1,126 

627 

361 

333 


638 


200 
200 


350 

470 

940 

1,980 

5,860 

9.380 

5,860 

2,350 

940 

470 


2,422 


45.640 
65,361 


66,284 

98,471 

96,  .535 

136.145 

145.110 

112.462 

69, -235 

38,552 

21.481 

20,475 


915,751 


20.053 
21.521 


20,508 

21,937 

36,K93 

60,858 

102.684 

77,712 

44,640 

a20,291 

019,636 

a20,291 


476,114 


a  16, 661 
a  17, 217 


a  17, 217 
al9,438 
043,041 
069,620 
086,608 
069,620 
o57,798 
o28,899 
020,826 
o 17, 217 


Bun-off. 


Depth  in 
inches. 


464.252 


oll.t^l 
al2,298 


021,621 

027,084 

0  57,798 

o 117, 818 

0360,317 

o558,148 

0860,317 

o 144, 496 

o56,934 

o28,899 


ol,  756, 481 


0.37 
.52 


.52 
.TO 

.77 
1.00 
1.16 
.90 
.55 
.31 
.17 
.16 


,31 


.16 
.17 


.16 
.18 
.30 
.56 
.82 
.62 
.36 
.16 
.16 
.16 


3.81 


.13 
.14 


.14 
.16 
.86 
.56 
.60 
.56 
.46 
.23 
.17 
.14 


3.73 


.10 
.10 


.17 

.46 

.80 

2.00 

4.46 

2.00 

1.15 

.45 

.23 


Second- 
feet  per 
square 
mile. 


14.03 


I 


0.33 
.45 


.46 
.76 
.67 
.08 
1.01 
.81 
.48 
.27 
.15 
.14 


.54 


14 
15 


.14 
.17 
.26 
.50 
.71 
.56 
.31 
.14 
.14 
.14 


.28 


.12 
.12 


.12 
.15 
.80 
.50 
.60 
.50 
.40 
.20 
.15 
.12 


*7 


,00 
,00 


.16 

.20 

.40 

.80 

2.50 

4.00 

2.50 

1.00 

.40 

.20 


1.03 


o  Estimated  from  fragmentary  records  by  State  engineer. 
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Estimated  monthly  discharge  of  Kern  River  at  First  Point  of  Mecutiremeni, 
[Drainage  area  used  In  prevloas  reports,  2,316  square  miles.] 


Month. 


180S. 

October 

November 

December 

18M. 

January 

February 

March 

April 

May 

June 

July 

August..' 

September 

October 

November 

December 

The  year  . . . 

1806. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year ... 

1896. 

January 

February 

March 

April 

May 

June 

July 

August — ........ 

September 

October 

November 

December 

The  year ... 

1807. 

January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year ... 


Discharge  in  seoond-f  eet. 


Maxi- 
mum. 


564 

660 
600 


741 

1,114 

1,448 

1.802 

2,206 

1,719 

1,051 

649 

882 

363 

268 

806 


2,206 


1,61« 

4,762 

8,004 

8,807 

6,884 

8,721 

2,063 

1,078 

676 

612 

436 

447 


5,384 


3,101 

708 

2,089 

1,263 

8.870 

8,6U 

2,210 

741 

473 

426 

416 

426 


3,611 


882 
2,306 

2,oa 

4,410 

6,342 

4,362 

1,686 

671 

863 

441 

477 

1,023 


5,342 


Mini- 
mum. 


617 
407 
430 


662 
004 
702 
1.200 
1,228 
871 
400 
256 
172 
224 
280 
234 


172 


478 

675 

067 

1,011 

8,100 

2,174 

867 

854 

200 

276 

806 

868 


276 


377 
550 
652 
766 
884 
1,244 

7a 

853 
234 
223 
288 
318 


288 


Mean. 


584 
518 
516 


661 

717 

1,001 

1.486 

1,607 

1,066 

700 

835 

248 

279 

244 

470 


787 


805 

516 

688 

1,004 

4,054 

1,289 

644 

838 

200 

278 

280 

887 


260 


800 

1,262 

1,874 

2,724 

4,360 

2,006 

1,482 

620 

844 

327 

846 

408 


1,413 


747 

617 

061 

072 

1,401 

2,466 

1.316 

486 

304 

267 

866 

347 


854 


Run-off. 


Total  in 
acre-feet. 


Depth  in 
mohes. 


32,661 
80,827 
31,757 


40,644 
30,817 
61.5a 
88,062 
08,796 
64,557 
48.006 
20.565 
14.756 
17,178 
14.500 
28,006 


533,252 


40.762 

60,686 

84,487 

162,076 

268.608 

172.010 

01.118 

88,065 

20,400 

20.106 

20,588 

24.779 


1,028,058 


45,081 
85.480 
58.475 
57,838 
86,144 
146.142 
82.762 
20.888 
18.080 
16,417 
21,124 
21.886 


610,630 


373 

809 

023 

2,914 

4.660 

2,800 

1,006 

460 

205 

840 

355 

422 


1,234 


22.886 

44,000 

66.753 

178,395 

281.613 

137,805 

61.857 

28,836 

17,664 

20,006 

21,124 

25,048 


806.248 


0.26 
.24 
.25 


feet  per 
aqnare 

mile. 


.38 
.88 
.65 
.71 
.79 
.51 
.84 
.10 
.12 
.14 
.U 
.88 


4.40 


.40 

.65 

.07 

1.29 

2.14 

1.87 

.78 

1.81 

.17 

.10 

.17 

.20 


6.10 


.87 
.26 
.47 
.40 
.08 
1.17 
.00 
.24 
.14 
.18 
.17 
.17 


4.06 


.18 

.86 

.45 

1.88 

2.25 

1.09 

.40 

.28 

.14 

.17 

.17 

.21 


as 


.21^ 

.» 

43 

.64 

.46 

.») 
U 

.u 

.12 

.H' 


.31 


.53 
..V 

1.16 
l.M 
LSI 
.10 
.27 
.15 
.U 
.15 

•i: 


.0t> 


.35 
.tt 

.41 

.41 

.ffi 

1j6 

.a 

.13 
.U 
.15 
.15 


3S 


7.12 


.16 
.» 
.80 
.A 
.95 
.9^ 
.43 

.an 

.13 
.13 
Ah 
-1< 


T 
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Estimated  monthly  discharge  of  Kern  River  at  First  Point  of  Measurement — Cont'd. 


Month. 


Jannary... 
February. . 

March 

April 

m&y .. 

June 

July 

August 

i    September 
October  ..- 
November 
December. 


1808. 


The  year  .  - . 
1889. 


January... 
February  - 

March 

April 

May 

June 

July 

August 

September 
October  ... 
November 
December. 


The  year 


1900. 


January... 
February  . 

March 

April 

May 

June 

July 

AURUSt 

September 
October ... 
November 
December. 


The  year 


Discharge  In  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


400 
928 
486 
1,342 
960 
686 
416 
142 
294 
232 
138 
814 


1,342 


861 
866 
4,982 
1.167 
1.302 
2,280 

240 
117 
229 
386 
781 


4,982 


1,048 
829 
502 
692 

1,968 

1,87B 
850 
217 
270 
186 

1,338 
445 


1,969 


I 
811  I 
816  I 
804  • 
871 
560 
384 
127 

86 

80 
127 
186 
147 


80 


182 

258 

247 

598 

576 

808 

228 

99 

89 

86 

183 

182 


86 


266 

288 
307 
887 
449 
841 
202 
101 
106 
137 
161 
288 


101 


868 
434 
388 
710 
785 
561 
244 
120 
116 
160 
166 
198 


848 


268 
802 
590 
898 
835 
1,331 
489 
156 
106 
160 
221 
277 


468 


862 
280 
418 
472 
1,111 
1,288 
882 
144 
166 
160 
348 
378 


458 


Total  in 
acre-feet. 


22,820 

24,108 

23,857 

42,247 

45,198 

82,786 

15,008 

7,378 

6,802 

9,888 

9,877 

12,236 


251,743 


16,172 

16,772 

36,278 

53,188 

51,342 

79,200 

80,057 

9,582 

6,257 

9.888 

13,151 

17,002 


888,828 


22,258 

15,550 

25,894 

28,086 

68,812 

76,344 

24,108 

8,854 

9,878 

9,888 

20,767 

22,934 


382,819 


Bun-oflf. 


Depth  in 
inches. 


0.17 
.20 
.20 
.38 
.86 
.26 
.12 
.06 
.06 
.06 
.06 
.00 


2.01 


.13 
.14 
.29 
.43 
.41 
.63 
.24 
.08 
.06 
.06 
.10 
1.36 


3.94 


.17 
.12 
.21 
.22 
.54 
.61 
.20 
.07 
.08 
.08 
.17 
.18 


2.65 


Second- 
feet  per 
square 
mile. 


0.15 
.19 
.17 
.80 
.81 
.28 
.10 
.05 
.05 
.07 
.07 
.08 


15 


.11 
.13 
.25 
.38 
.36 
.57 
.21 
.07 
.04 
.07 
.09 
1.18 


.29 


.15 
.12 
.18 
.20 
.47 
.65 
.17 
.06 
.07 
.07 
.15 
.16 


,20 


rTiirteen-^ear  mean  of  the  discharge  of  Kern  River,  as  compiled  from  the  foregoing 
records  of  the  StcUe  engineering  department  and  the  United  States  Geological 
Survey, 


Season  and  year. 


1878-1879 

1879-1880 

1880-1881 

1881-1882 

188^-1883 

1883-1884 

1894 

1896 

1896 

1897 

1898 

1809 

1900 

Thirteen-year  mean 


Discharge. 

Sec-Jt. 

Acre- feet. 
871,350 

514 

1,168 

850,361 

1,263 

815.751 

655 

476,114 

638 

464,252 

2,422 

1,756,481 

737 

533,262 

1,418 

1,023,058 

854 

619,630 

1,284 

893,248 

348 

251,743 

468 

838,829 

458 

332,819 

996 

678,953 
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Estimated  daily  discharge  of  Kern  River  for  1900. 


Day. 

July. 

An^ast. 

September. 

October. 

First 
Point  of 
Measare- 

ment. 

Just  be- 
low 
Tobias 
Creek. 

First 
Point  of 
Measure- 
ment. 

Just  be- 
low 
Tobias 
Creek. 

First 
Point  of 
Measure- 
ment. 

Just  be- 
low 
Tobias 
Creek. 

First 
Point  of 
Measure- 
ment. 

JoBt  be- 
low 
Tobias 
Creek 

1 

Sec- ft. 

Sec.-ft. 

Sec,-ft. 
209.08 
190.64 
188.25 
193.78 
195.49 
188.78 
178.86 
160.11 
178.32 
171.80 
150.38 
161.24 
157.67 
149.18 
140.79 
180.41 
122.57 
116.84 
116.75 
120.21 
120.16 
120.88 
121.81 
114.32 
110.85 
109.43 
110.70 
107.68 
102.99 
106.81 
108.18 

8ec.-ft 
884.00 
838.00 
806.20 
252.90 
244.38 
234.82 
230.62 
280.00 
228.66 
22K.A6 
226.14 
226.50 
226.00 
224.34 
222.34 
222.84 
213.30 
205.80 
201.50 
198.44 
195.86 
194.80 
192.90 
195.64 
195.00 
198.40 
194.08 
186.00 
187.20 
181.00 
178.40 

Sec.-ft. 
108.81 
116.71 
181.80 
147.24 
190.01 
150.17 
156.86 
2U.22 
221.09 
212.66 
188.18 
176.88 
174.  n 
170.70 
170.66 
165.07 
157.06 
155.00 
161.08 
146.16 
188.68 
189.29 
142.05 
144.14 
139.79 
141.81 
153.44 
156.78 
161.81 
147.22 

Sec-ft 
212.80 
310.40 
80R.OO 
274.28 
266.00 
258.20 
246.40 
244.00 
244.00 
234.82 
232.06 
2it2.58 
280.44 
»».00 
220.80 
280.00 
218.76 
214.90 
211.14 
210.84 
211.00 
206.68 
200.00 
207.82 
206.90 
208.40 
207.64 
206.86 
205.82 
207.10 

Sec.  ft.  . 
144.95 
142.44 
141.  fl2 
147.02 
146.64 
154.68 
164.04 
164.77 
167.89 
158.45 
168.30 
151.08 
152.02 
156.04 
168.50 
156.19 

Sec.-ft. 
a>4.82 

2 

206.20 

3 :.. :..::::::: 

aOB.16 

4 

304.12 

6 

2as,m 

6 

2QS.aj    1 

7 

202.40    - 

8 

200.80 

9 

201.20 

10 ' 

20B.14    : 

11 ■ 1 

901. !«    1 

12 , 

201.65 

18 1 

SQe.m 

14 1 

201.20 

15....::::::  !!!:::  : 

201.3) 

;  16...:...:.:  . 

90U  40 

'  17 :::::: 

18 

•  •*•««••■        • 

19 

...» .•.. 

20 



....... 
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274.25 
209.00 
274.43 
282.69 
260.66 
229.73 
224.64 
216.80 
212.69 
219.59 
222.49 

852.58 
844.80 
840.80 
886.20 
827.72 
818.50 
806.18 
206.20 
291.34 
285.40 
282.06 

... ._.. 

22 

23 ::. 

;   24 

25..::    . 

»::.::::::.. 

27 

, 

28 

29 

80 

81 

Mean.. 

144.10 

222.00 

166.45 

328.91 

Miscellaneous  discharge  measurements  of  Kern  River  and  its  tributaries. 


Date. 


1898. 
July  10 . 


Do. 
Do. 
Do. 
Do. 


July.., 
Do. 


Do..-, 
Do — 

AU9.29... 


1899. 
Sept.  2.. 


1900. 
June  19. 
June  20. 

Do.. 


June  21 . 
June  'J2 . 

Do  . 

Do.. 

Do.. 
June  23 . 


Stream. 


North  Fork  of  Kern 
River. 


do 

.....do 

do 

South  Fork  of  Eern 
River. 

North  Fork  of  Kern 

River. 
South  Fork  of  Kern 

River. 

do 

do 

Kern  River 


.do 


Basin  Creek 

South  Fork  of  Kern 

River. 
North  Fork  of  Kern 

River. 

Bull  Run  Creek 

Tobias  Creek 

Ant  Creek 

Salmon  Creek 

Corral  Creek 

South  Needles  Creek 


Locality. 


Hydrographer. 


"A''  channel,  above 
Junction  with 
South  Fork. 

''B'' channel 

•»C**  channel 

"D"  channel 

700  feet  above  junc- 
tion with  North 
Fork. 

At  mouth 


At  engineers'  old 
camp. 

Sec.6,T.22B.,R.88E. 

Menache  Meadows . . . 

First  Point  of  Meas- 
urement. 


.do 


Rankin's  ranch. 
Walkers  Basin. 

TOO  feet  above  junc- 
tion. 

Hooper *s  mill  bridge. 

Near  mouth 

do 

At  mouth 

.....do 

Near  mouth 

At  Needles  Peak 


Eleva-  .     Dis- 
tion.    I  diarge. 


.do 

.do 

.do 
.do 
.do 


.do 


.do. 

.do. 

:do. 

.do 

.do 

.do 

.do, 

.do 

.do 


X 


8,200 
'4:«6" 


880.00 
l&OD 

laoo 

5.81) 

115l« 


96.9 

L3S 

14.  U 

17 
S.8D 
2.9S 

.18 

a43 

.£ 
&8S 
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MUcellaneons  discharge  measurements  of  Kern  River  and  its  tributaries — Cont'd. 


Date. 


Stream. 


1000. 
Jane  23. 

Do  . 

Do.. 
June  24 

Do.. 


June  25. 
Do.. 
Do.. 


Clark  Creek 

Jackson  Creek 

Wade  Creek 

North  Needles  Creek 
Little  Kern  River... 

Tibbetts  Creek 

Harris  Creek 

OnemUe  Creek 


Locality. 


Do. 


Do.. 

June  27. 

Do.. 


Do.. 

Jane  28 . 

Jane  29. 
Do.. 


Do. 
June  90. 


Do. 
Jnly  2 . 


Do. 
Julys. 


North  Fork  of  Kern 
River. 

Whitney  Creek 

do 

Creek  south  of  Bald 

Mountain. 
North  Fork  of  Kern 

River. 
South  Fork  of  Kern 

River. 

Tibbetts  Creek 

North  Fork  of  Brush 

Creek. 

Brush  Creek 

North  Fork  of  Kemf 

River. 


Salmon  Creek 

South  Fork  of  Kern 
River. 

Powers  ditch 

Neils  ditch 

Hooper's  mill  ditch . . 


Dry  Meadows 

do 

do 

At  Needle^  Peak 

At     junction     with 

Kern  River. 
1  mile  above  mouth .. 

At  mouth ^ 

1   mile   below  Kern 

Lake. 
3,000  feet  abovejunc- 

tion    with    Little 

Kern  River. 
At  tunnel  in  divide  .. 
At  lava  bridge 


800  feet  above  Kern 

Lake. 
Menache  Meadows . . . 


At  8,300  feet  elevation 
At  5,800  feet  elevation 


Above  North  Fork... 

At  new  gaadng  sta- 
tion 4,000  feet 
above  junction  with 
South  Fork. 

At  Horse  Meadows. . . 

T.25S.,R.85E 


Near  head 

Isabella 

At  gaginsr  station  on 

Iver. 


Hydrographer. 


Eleva- 
tion. 


F.H.  Olmsted. 

do 

do 

do 

do 


Feet, 


Dis- 
charge. 


.do 
.do 
.do 

.do 


-do 
do 
do 

.do. 

-do. 

-do 
.do 

.do 
.do 


6,6<W 


5,000 


.tgBLglUg 

E^mRii 


.do 
.do 

.do 

do 

.do 


7,700 
2,980 


Sec.-ft. 
5.19 
5.74 
5.07 
4.26 
81.00 

2.87 
8.45 

•      4.87 

1,154.90 


4.72 
39.11 
17.64 

939.60 

3.67 

1.80 
1.04 

8.22 
825.25 


4.05 
11.05 

2.38 
1.96 
7,31 


Precipitation  in  Keni  River  Basin, 

DAUNT. 
[Observer,  Mountain  Home  sawmill.] 


Tear. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Hfljv"lfO      ««*«*•  ••« 

11.91 

0.83 

5.13 

11.01 

1.30 

2.70 

0.65 

0.50 

1896-97 

0.00 

0.60 

0.40 

1.95 

1      .. 

1 

1 
1 

1 

KERNVILLE. 
[Observer,  Stephen  Barton,  Isabella.] 


Season. 


Sept. 


Oct.  I  Nov. 


Dec. 


1895-96.. 
1896-97.. 
1897-98.. 
1898-99.. 
1899-00.. 
190(M)1.. 


0.00 
0.15 
0.04 
0.00 
0.79 


1.15 
0.38 
0.00 
0.7» 
0.10 


0.41 
0.00 
0.00 
0.85 
5.00 


0.85 
L28 
0.33 
0.73 
0.00 


Jan. 


8.52 
3.40 
0.58 
1.95 
0.80 


Feb.  Mar 


0.00 
3.60 
0.99 
0.19 
0.58 


1.54 
2.57 
0.58 
1.89 
0.58 


Apr.  I  May. 


June. 


0.86 
0.10 
T. 
0.28 
0.52 


0.00 
0.00 
0.54 
0.25 
0.90 


0.20 
0.00 
0.00 
0.45 
0,00 


July. 


2.25 
0.00 
0.00 
0.00 
0.00 


Aug. 


0.05 
0.00 
0.00 
0.00 
0.00 


Total. 


12.08 
4.50 
5.38 
5.69 


MOUNT  BRECKENRIDGE. 
[Observer,  G.  Otterman.] 


Season. 

Sept. 

Oct. 

Nov. 

1 

Dec. !  Jan. 

1 

1 
1 

Feb.  1  Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1896-97 

2.20 

4.30  '  2.00 

4.67 

7.72 

0.00 

0.40 

0.10 

0.00 

0.00 

1897-98 

0.00 

0.00 

189S-90 

1.67 

0.94 
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The  raio  gage  at  Daunt  is  at  the  Mountain  Home  sawmill,  near  the 
tlivide  between  Keru  and  Kaweah  rivers,  and  at  an  elevation  of  li/Xii 
feet.  Kemville  is  at  an  elevation  of  2,600  feet,  and  Mount  Breckin- 
ridge at  an  elevation  of  6,750  feet. 

From  the  diagram  (fig,  6)  showing  aynchronous  discharge  and  tem- 
perature observations  at  First  Point  of  Measnrenaent  for  the  month> 
of  April,  May,  and  June,  1997— the  particular  season  of  the  year  "■hen 
the  factor  of  snow  enters  prominently  into  the  i-egimen  of  the  river— 
we  gather,  by  connecting  the  peak  points  of  flow  and  tempe ratlin-, 
that  ordinarily  it  requires  about  forty-seven  hours  for  the  sireani 
waters  to  pass  from  the  snow  line,  about  100  miles  up  the  river,  tu 


Pio.  0.— I>U«ram  sliowiQg  ByncbronoaB  discbarge  *iid  tomperatare  obsert*- 
tioDa  at  First  Point  of  UeaibremeDt.  Dotted  llD«  are  temperature  cnrres; 
heavy  linee  are  dEscbarge  cnrv es. 

First  Point  of  Measurement.  Under  ordinary  circumstances  the  melt- 
ing of  snow  tielow  the  7,tX>0-foot  contour  would  accompany  a  low  gage. 
and  the  mean  velocity  would  of  course  be  relatively  slow  compared 
with  a  larger  stream.  The  run-off  of  the  heavy  snows  would  stan 
certainly  not  lower  than  the  8,500-foot  contour,  and  invariably  woulii 
be  accompanied  by  a  general  breaking  up  of  winter  in  the  higher 
mountains,  resulting  in  a  high  gage  throughout  the  entire  stream: 
from  which  we  may  infer  that  there  is  no  marked  difference  in  lb* 
time  required  for  the  passage  of  snow  water  between  points  as  luufh 
as  30  miles  apart  to  the  canyon  mouth.  "When  the  spring  rise  beffiof 
the  mean  velocity  of  the  stream  waters  from  the  snow  line,  60  milft- 
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up,  to  First  Point  of  Measurement  must  be  about  1.90  feet  per  second. 
When  the  snow  line  reaches  the  8,500-foot  contour,  100  miles  upstream, 
the  flood  velocity  is  approximately  3.1  feet  per  second.  This  1.2-foot- 
per-second  play  in  velocity  between  high  and  low  snow  water  gage  in 
the  stream  represents  the  only  data  available  for  estimating,  even 
crudely,  the  velocity-slope  relations  during  the  remainder  of  the  year. 

POWER  POSSIBIXilTIES. 

Elevations  and  distances  have  been  and  still  are  to  a  certain  extent 
assumptions,  and  were  it  not  that  the  data  in  some  form  is  in  demand, 
it  certainly  would  be  desirable  to  possess  more  basic  information  of 
Kern  River  Basin  before  undertaking  to  even  outline  the  power 
I)OSsibilities  of  the  stream.  The  flood  period  of  the  year  is  May  and 
June;  the  minimum  flow  occurs  in  September  and  October.  During 
extremely  dry  years  the  flow  at  Firgt  Point  of  Measurement  drops  to 
80  second-feet,  with  a  probable  mean  for  the  month  in  which  this 
occurs  of,  say,  100  second-feet. 

In  the  reach  between  First  Point  of  Measurement  and  Isabella  the 
stream  has  been  affected  by  losses  from  evaporation  and  seepage  and 
by  increment  in  flow  due  to  the  South  Fork,  Clear  Creek,  and  other 
small  tributaries.  Tlie  net  result  of  these  plus  and  minus  factors  is 
estimated  to  be  a  loss  between  these  points  of  122  second-feet.  Call- 
ing this  loss  120  second-feet,  and  taking  the  minimum  flow  at  First 
Point  of  Measurement  (80  second-feet),  we  have,  as  the  least  flow  of 
the  river  at  the  latter  place,  200  second-feet.  Between  Isabella  and 
First  Point  of  Measurement  the  fall  is  about  1,900  feet,  giving  more 
than  42,000  theoretical  horsepower.  At  Isabella  the  mean  flow  for 
the  full  year  1899  was  588  second-feet,  for  1898  it  was  469  second-feet, 
and  for  1897  it  was  1,353  second-feet.  Below  Isabella  the  topography 
on  the  right  bank  is  not  unfavorable  for  the  construction  of  a  large 
canal,  but  the  immense  bowlders  which  cover  the  southern  and  west- 
em  sides  of  the  Greenhorn  Mountains,  and  which  are  constantly  in 
transit  down  the  slopes,  are  not  an  economical  factor  in  canal  con- 
struction. 

Of  the  total  flow  of  Kern  River  at  First  Point  of  Measurement 
SO  per  cent  passes  Funstons  on  the  North  Fork,  or  a  point  of  equal 
elevation  (7,050  feet)  on  the  South  Fork,  which  would  be  about  mid- 
way between  the  lower  end  of  Menache  Meadows  and  the  mouth  of 
Fish  Creek.  The  theoretical  power  possibilities  of  the  stream  below 
these  places  would  be,  then,  about  500,000  horsepower,  which,  for  a 
watershed  of  2,349.3  square  miles  in  an  arid  region,  evidences  the 
remarkable  advantages  of  the  stream,  so  far  as  grades  and  discharge 
are  concerned,  for  electrical-power  development. 

The  Kern  River  Company,  which  has  been  engaged  for  the  last  four 
years  in  securing  rights  of  way  (now  approved  by  the  Department  of 
the  Interior),  and  in  arranging  preliminaries  incident  to  the  construe- 
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tion  of  SO  large  a  plant,  has  as  yet  accomplished  nothing  in  the  way 
of  actual  building.  A  plan  of  the  reservoir  site  of  the  company  is 
shown  in  fig.  7.     The  diversion  works  of  their  power  canal  will  be  in 


Fio.  7.— Plan  of  reservoir  site  of  Kern  River  Company.    Area,  1,121  acres;  storage  oapadty. 

42,0U0  acre-feet;  height  of  dam,  72  feet. 

the  lower  end  of  the  town  of  Kernville,  where  the  river  forks.  The 
West  Fork  is  to  be  deepened  so  that  during  low  stages  this  branch 
will  gather  all  of  the  water  of  the  river,  and  a  low  training  wall,  over 
which  floods  of  the  river  will  pass,  will  be  built.    The  head  gate  will 
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be  3,600  feet  distant,  on  bed  rock,  and  of  solid  masonry.  The  stand- 
ard cross  section  of  the  canal  for  the  first  10  miles  is  25  feet  wide  at 
bottom,  7.5  feet  depth  of  water,  and  on  a  gi*ade  of  1.058  feet  to  the 
mile.  At  a  distance  of  4^  miles  from  the  head  gate  the  only  consider- 
able structure  on  the  line  is  encountered — the  bridge  over  Kern 
River.  After  passing  that  point  the  cross  section  of  the  canal  is 
reduced  and  the  grades  are  increased  accordingly. 

The  plans  of  the  company  are  based  upon  a  minimum  flow  of  Kern 
River  past  their  diversion  works  of  400  second-feet.  This,  consider- 
ing the  storage  proposed  on  Salmon  Creek,  which  is  described  further 
on,  is  a  conservative  estimate  for  any  ordinary  series  of  years,  but 
could  not  have  been  maintained  in  1899-1900,  although  in  nine  out  of 
ten  years  it  easily  could  be  increased  to  500  second-feet.  The  plans 
are  based  on  an  available  head  at  the  wheels  of  230  feet  during 
extreme  high  water,  with  an  additional  head  of  40  feet  when  the  river 
is  at  its  minimum  stage.  Mr.  H.  Hawgood,  the  chief  engineer  of  the 
Kern  River  Company,  has  designed,  as  a  generating  unit,  a  water 
wheel  of  1,500  horsepower,  with  an  alternator  of  1,030  kilowatts 
capacity.  There  are  to  be  nine  of  these  units — eight  for  daily  service 
and  one  to  be  held  in  reserve.  For  the  additional  40-foot  head  possi- 
ble during  low  water,  there  will  be  a  750-horsepower  wheel  and  one 
550-kilowatt  alternator.  On  this  basis,  at  no  time  would  there  be 
supplied  to  the  wheels  less  than  11,200  horsepower.  The  impulse 
type  of  wheel  would  give  an  efficiency  of  80  per  cent,  the  alternators 
an  efficiency  of  95  per  cent,  and  the  step-up  transformers  an  efficiency 
of  98  per  cent,  thus  delivering  to  the  line  8,342  horsepower.  Assum- 
ing 5  per  cent  average  loss  in  transmission  (a  larger  allowance  than 
the  80-mile  carriage  of  the  Southern  California  Power  Company's  cur- 
rent indicates  is  necessary),  there  would  be  delivered  at  the  Los  Angeles 
power  house  7,825  horsepower,  and  with  98  per  cent  efficiency  in  the 
step-down  transformers  there  would  be  5,720  kilowatts  for  daily  dis- 
tribution in  the  city.  This  delivery  could  be  increased  50  per  cent 
for  an  hour  to  take  care  of  the  maximum  load,  which  occurs  between 
the  hours  of  5  and  6  p.  m.  Speaking  conservatively,  and  having  in 
mind  the  ruling  rates  elsewhere  on  the  Coast,  this  7,668  horsepower 
should  command  1^  cents  per  horsepower  per  hour.  During  the  irri- 
gating season  of  1900  the  municipality  of  Los  Angeles  paid  2.2  cents 
per  horsepower  per  hour-  for  power  registered  between  the  hours  of 
11  p.  m.  and  5  p.  m.,  and  4.4  cents  per  horsepower  per  hour  for  power 
registered  between  the  hours  of  5  p.  m.  and  11  p.  m.  In  large  plants 
working  eighteen  hours  a  day,  and  with  good  bituminous  coal  at  $4  a 
ton,  the  cost  of  1  horsepower  per  year  would  be  185,  and  in  small 
plants,  where  the  attendance  factor  is  relatively  greater,  the  cost 
would  be  $150.  At  the  rate  of  1 J  cents  the  cost  of  a  horsepower  per 
year  of  three  hundi-ed  and  thirteen  working  days  is  875.  At  this  rate 
the  gross  annual  revenue  of  the  plant  would  be  $768, 000. 
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The  company's  estimate  of  the  cost  of  construction  of  the  plant  and 
lines  for  the  tmnsmission  of  the  current  to  Los  Angeles  is,  approxi- 
mately, $1,333,000.  Using  direct-connected  motor  and  centrifugal 
pumps,  with  30  feet  depth  of  wheel  pit  and  20  feet  additional  lift,  and 
assuming  the  duty  of  water  to  be  8  acres  per  miners'  inch^  1.42  horse- 
power would  irrigate  100  acres  at  the  rate  of,  say,  $2.50  per  acre  per 
annum.  This  would  be  on  the  basis  of  a  50-foot  lift  and  a  rate  of  2 
cents  per  horsepower  per  hour  for  the  current.  The  efficiency  of 
pumping  plants  ranges  from  20  to  68  per  cent — frequently  plants  are 
condemned  solely  because  of  a  lack  of  skillful  assembling  of  the  units. 

Electric  motive  power  possesses  many  advantages  over  either  steam 
or  gasoline  plants  for  pumping  water,  and  in  actual  cost  of  service  it 
may  be  questioned  whether  it  is  not  to  be  compared  with  many  well- 
managed  canal  systems  of  the  State.  The  Kern  Land  Company  has 
twenty-live  pumping  plants  in  operation  near  Bakersfield,  each  deliv- 
ering from  1,400  to  2,000  gallons  a  minute.  These  plants  each  consist 
of  four  wells  in  a  line,  sunk  to  a  depth  of  80  to  130  feet  through  strata 
of  alluvial  loam,  clay,  and  water-bearing  sand.  The  wells  are  cased 
with  galvanized  iron,  13  inches  in  diameter.  No.  16  gage,  perforated 
with  vertical  slits  opened  one-sixteenth  of  an  inch.  It  was  the  prac- 
tice of  Mr.  Lewis  A.  Hicks,  the  engineer  in  charge  of  this  work,  to 
land  the  casing  in  clay,  and  to  perforate  for  all  sand  below  a  depth 
of  30  feet.  Surface  water  was  generally  encountered  at  about  15  feet. 
In  each  plant  the  four  wells  are  6  feet  apart  on  centers,  and  by  experi- 
ment it  was  found  that  the  flow  from  the  four  was  generally  a  little 
more  than  double  that  from  one.  The  total  lift  for  most  of  these 
plants  was  about  35  feet. 

After  many  experiments  te  determine  the  pump  best  suited  to  these 
conditions,  a  centrifugal  pump,  connected  directly  to  the  motor  and 
working  on  a  vertical  rod,  all  thoroughly  bolted  to  steel  framework* 
was  found  to  give  the  greatest  efficiency  and  the  least  trouble  in 
operation — one  attendant  looks  after  ten  plants,  and  there  have  been 
months  when  the  plants  were  in  operation  98  per  cent  of  the  time. 
The  farmers  under  the  Kern  Land  Company's  water  supply  are  taxed 
75  cents  p^r  acre-foot  for  irrigating  water  from  these  electrically 
driven  pumping  plants,  and  as  the  land  requires  2  acre-feet  annual 
irrigation  the  expense  is  $1.50  per  acre  per  year.  It  is  not  probable 
that  the  rate  of  1^  cents  per  horsepower  perhour  could  be  maintained 
in  Antelope  Valley  or  farther  south  in  San  Fernando  Valley  for  irreg- 
ular demand,  but  there  is  no  good  reason  why  a  2-cent  rate  could  not 
be  maintained  by  any  of  the  Kern  River  companies. 

The  68  per  cent  efficiency  obtained  in  many  of  the  Kern  Land  Com- 
pany's plants  deserves  more  than  passing  notice.  In  electrically 
driven  pumping  plants  55  per  cent  efficiency  (reckoned  from  the 
meter  consumption  to  the  foot-pounds  raised)  is  very  good,  but  when 
this  is  raised  to  68  per  cent,  the  method  employed  to  obtain  this  result 
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merits  a  detailed  description.     The  following  is  quoted  from  one  of 

Mr.  Hieks's  reports: 

The  pumps  are  of  the  Pit  tyi)e,  provided  with  10-inch  outlet,  automatic  balance, 
heavy  shaft,  and  runners  of  special  curvature  adapted  to  the  speed  and  height  of 
lift,  and  a  delivery  of  5  to  6  cubic  feet  per  second.  The  bearings  are  provided 
with  sight-feed  oil  cups,  and  the  feed  on  the  upper  bearing  is  upward  against  the 
water  with  which  the  stufi^g-gland  chamber  is  filled.  The  chamber  is  provided 
with  a  gage  glass  to  enable  the  attendant  to  note  any  leak  through  the  packing. 
The  pump  is  bolted  to  cast-iron  pedestal  set  on  a  wooden  base,  and  the  steel 
angles  which  support  the  motor  are  attached  to  the  same  pedestal.  The  assem- 
bling of  the  pumps  and  frame  was  accomplished  in  the  shops,  and  the  completed 
unit  was  hauled  to  its  destination  and  lowered  into  place  on  the  floor  of  the  pit, 
only  requiring  to  be  guyed  to  a  perpendicular  x>osition  in  the  anchor  frame  to  be 
ready  to  receive  the  motor.  The  adjustment  of  the  thrust  of  the  pump  can  be 
altered  so  as  to  carry  the  entire  weight  of  the  motor  and  shafting  or  such  portion  of 
it  as  may  be  desirable.  It  has  been  found  preferable  to  separate  them  with  100  to 
200  pounds  down  thrust,  as  there  is  a  tendency  to  bow  out  the  shaft  between 
bearings  if  it  is  thrown  into  compression  with  resulting  vibration.  The  motor 
is  provided  with  adjusting  screws,  so  that  its  position  in  vertical  or  horizontal 
planes  can  be  easily  changed  with  a  hand  wrench.  The  pump,  motor,  and  frame 
constitute  a  self-contained  unit,  so  that  any  settlement  of  foundation  does  not 
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Fig.  8. — Cross  section  of  proposed  dam  site  of  Kern  River  ComiMiny  on  Salmon  Creek. 

alter  the  relative  position  of  either  machine,  and  can  be  quickly  rectified,  should  it 
occur,  by  guying  the  frame  back  to  a  vertical  position.  The  motors  used  for  this 
installation  are  the  ordinary  type  of  30-horsepower  inductive  motor,  equipped  with 
special  end  shields  to  adapt  them  for  vertical  use.  The  oiling  is  accomplished  by 
means  of  centrifugal  force,  which  is  utilized  to  lift  the  oil  from  the  inside  periph- 
ery of  a  revolving  cup  to  the  top  of  the  bearings,  whence  it  returns  to  the  oil  cups 
through  oil  grooves  along  the  shaft.  The  motors  are  wound  for  a  potential  of  550 
volts,  and  as  the  transf  oimers  at  these  points  can  be  connected  up  to  605  volts,  the 
effective  heating  overload  is  greatly  reduced. 

The  Kern  River  Ck)mpany's  transmission  line  from  the  power  station 
at  the  mouth  of  Clear  Creek  to  Los  Angeles  would  be  105  miles  long, 
map  measurement,  and  108  miles  when  the  vertical  departures  are 
considered.  The  line  begins  at  an  elevation  of  2,450  feet,  and  its 
southern  terminal  at  Los  Angeles  is  350  feet  above  the  sea.  A  num- 
ber of  mountain  ranges  would  be  crossed,  but  a  large  proportion  of 
the  line  would  be  over  good  ground,  and  it  is  believed  that  the  highest 
elevation  reached  (6,500  feet,  at  Tehachapi)  will  offer  no  serious 
obstacles  to  a  daily  inspection  of  the  pole  line. 

A  reservoir  on  Salmon  Creek,  a  tributary  of  Kern  River,  is  planned 
by  the  Kem  River  Company  for  the  storage  of  47,000  acre-feet  of 
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water.  About  20,000  acr6s  can  be  made  tributary  to  this  intake,  and 
it  is  hoped  that  with  this  catchment  basin  and  the  precipitation  from 
an  elevation  of  7,700  feet  on  this  divide  the  reservoir  will  sup- 
plement the  flow  of  Kern  River  to  400  second-feet  during  the  j>articu- 
lar  season  of  any  year  when  the  normal  flow  is  below  that  figure. 
Fig.  8  is  a  cross  section  of  the  dam  site  on  Salmon  Creek.     It  is  in  a 
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Fio.  9.— Plan  of  reservoir  site  of  Kern-Band  Electric  Power  Company.    Area,  3^5tJ8  acres;  st<a^ 
age  capacity, 63,722  acre- feet;  height  of  dam,  65  feet  above  stream  bed. 

granite  canyon,  with  clean  bed  rock  on  bottom  and  sides.  The  width 
at  the  bottom  is  125  feet  between  walls;  the  top  width  at  the  75-foot 
level  would  be  390  feet.  A  rock-fill  dam  is  estimated  to  require  26,000 
cubic  yards  of  material  and  to  cost  $80,000.^ 

The  utilization  of  the  higher  reaches  of  Kern  River  for  power 
purposes  will  certainly  be  accomplished  in  time,  but  for  the  present, 
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and  with  the  disinclination  of  electrical  engineers  to  recommend 
the  transmission  of  power  to  distances  greater  than  100  miles,  it  is 
doubtful  whether  the  market  outside  of  Los  Angeles  will  warrant 
the  outlay;  and  the  latter  city  is  so  far  away  from  the  upper  river  as 


Fio.  10.— Plan  of  dam  site  of  Kern-Rand  Electric  Power  Company. 

to  preclude,  for  the  present  at  least,  supplying  it  with  power  from 
that  source. 

The  Kern-Rand  Electric  Power  Company,  of  Los  Angeles,  purposes 
to  construct  a  rock-fill  dam  on  the  South.  Fork  of  Kern  River,  at 
Menache  Meadows,  and  an  initial  power  station  near  the  upper  end 
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of  South  Fork  Valley,  about  35  miles  farther  down  the  stream.     At 

some  recent  geo- 
logical time  Me- 
nache  Meadows 
must  have  been  an 
immense  mountain 
lake.  A  dam  05 
feet  high  would 
throw  the  water 
back  6  miles  from 
the  canyon  mouth, 
in  two  arms  6  mil*-*^ 
apart.  A  dam  of 
that  height  would 
store  63,700  acre- 
feet  of  water  at  a 
mean  depth  of  IS 
feet.  There  is  no 
question  that  in 
an  ordinary  year 
the  drainage  area 
tributary  to  the 
South  Fork  aud 
above  the  Mead- 
ows (165  square 
miles)  would  fur- 
nish ample  stor- 
age water  for  this 
reservoir,  al- 
though it  is  prob- 
able that  in  a  sea- 
son like  that  of 
189  9-1900  therf- 
would  be  a  short- 
age. There  is  no 
reliable  data  for 
determining  the 
minimum  precipi- 
tation in  Menache 
Meadows,  for  gen- 
erally the  snows 
lie  so  deep  over 
the  mountains 
surrounding  the 
basin  as  to 
make  it  impene- 
trable during  at  least  the   colder  half  of  the  year. 
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Capacity  of  Menache  Meadows  reservoir  site. 


Surface 
area. 

Capacity. 

Acres. 

Acre- feet. 

23 

110 

146 

»&4 

812 

4,563 

1.8tf5 

18,827 

2,509 

40, 73;^ 

3,254 

19,885 

3,814 

105,236 

4,420 

146,419 

5,830 

248,852 

Fig.  9  is  a  plan  of  the  reservoir  site  of  the  Kern-Rand  Electric 
Power  Company  in  Menache  Meadows,  fig.  10  is  a  plan  of  the  dam 
site,  and  figs.  11,  12,  and  13  are  details  of  the  dam  proposed.  The 
material  at  the  dam  site  is  apparently  hard  granite,  overlain  with 
earth,  sand,  and  gravel.  The  dam  site  is  at  an  elevation  of  8,200  feet 
above  the  sea,  and  consequently  snow  and  frost  prevail  there  during 
the  winter  months.  There  is  no  wagon  road  to  the  dam  site,  and  the 
cost  of  making  one  would  add  very  materially  to  the  cost  of  the  dam. 
The  drainage  area  tributary  to  this  reservoir  being  all  above  an  eleva- 
tion of  8,200  feet,  naturally  has  the  greater  part  of  its  precipitation  in 
the  form  of  snow.  This  makes  the  run-off  an  uncertain  quantity,  and 
leaves  the  proper  height  for  the  dam  a  difficult  question  to  decide. 

Taking  all  of  these  considerations  into  account,  the  engineers  of 
the  company  were  led  to  select  a  loose  rock-fill  dam  faced  with  earth 
as  the  most  economical  and  serviceable  for  the  locality.  On  account 
of  the  possible  action  of  frost,  flatter  slopes  were  given  the  rock  faces 
than  are  absolutely  necessary  to  make  the  dam  heavy  enougli  to 
resist  the  water  pressure.  So  far  as  possible,  the  material  found  in 
the  immediate  vicinity  of  the  dam  will  be  used  in  its  construction, 
and  the  outlet,  gates,  and  connections  have  been  designed  so  that  all 
of  their  parts  can  easily  l>e  transported  on  mules  over  a  steep  moun- 
tain trail.  The  crest  of  the  dam  was  fixed  at  65  feet  above  the  nat- 
ural  surface  of  the  ground  at  the  dam  site.  This  height  can,  however, 
be  increased  to  95  feet,  if  it  is  found  that  a  larger  reservoir  capacity 
could  be  supplied,  at  a  proportionate  increase  in  cost.  It  is  proposed 
to  excavate  all  of  the  rock  required  in  the  construction  of  the  dam  on 
the  north  side,  forming  a  suitable  wasteway  in  the  solid  rock,  capable 
of  discharging  a  stream  of  v^ater  100  feet  wide  and  9  feet  deep  at  a 
velocity  of  6  feet  per  second — a  volume  of  5,400  cubic  feet  per  second. 
As  each  foot  rise  of  water  over  the  bottom  of  the  wasteway  repre- 
sents about  5,000  acre-feet,  9  feet  rise  of  water  in  the  wasteway  would 
increase  the  volume  in  the  reservoir  to  45,000  acre-feet.  This,  in 
addition  to  the  water  running  through  the  wasteway  and  outlet, 
would  make  more  than  50,000  acre-feet,  which,  if  it  all  came  in 
twenty-four  hours,  would  represent  a  run-off  of  about  5|  inches.     It 
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is  ht'lioved  that  a  wasteway  of  this  size  would  make  the  dam  abso- 
luti'ly  safe  against  any  ijossibility  of  the  water  ever  flowing  over  tbe 
lop.     The  capacity  of  the  i-eseivoii'  with  a  dam  G5  feet  high,  as  now 


tower  for  dmu  proposed  by  Keru-Rmnd  Electric  Power  Cod 


proposed,  would  be  63,700  acre-feet;  and  if  the  dam  were  raised  here- 
after to  a  height  of  85  feet  the  capacity  of  the  reservoir  would  l>e 
nearly  trebled. 
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It  is  proposed  to  take  the  water  from  the  reservoir  bj'  means  of  a 
tunnel  through  the  solid  rock  on  the  south  side  of  the  dam.  The 
masonry  or  concrete  tower  (see  figs.  11,  12,  and  13)  is  designed  as  an 
inlet  to  this  tunnel  and  to  accommodate  the  placing  of  the  gates  in 


Fio.  18.— Sectional  elevation  and  plan  of  gate  tower  for  dam  proposed  by 

Eern-Rand  Electric  Power  Company. 

the  most  simple  and  economical  manner.  The  gates  are  so  simple 
and  so  easily  opened  and  closed  that  it  has  not  been  considered  nec- 
essary to  provide  for  their  repair  under  a  full  head  of  water  in  the 
reservoir.     Fig.  12,  however,  shows  a  simple  and  economical  way  of 
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shutting  off  the  water  after  it  has  fallen  to  an  elevation  of  8,260  feet, 
or  35  feet  above  the  base  of  the  dam.  This  would  prevent  the  neces- 
sity of  emptying  the  reservoir  for  the  purpose  of  making  repairs  to 
the  gates. 

Following  are  the  estimates  for  three  sizes  of  the  dam  proposed: 

Estimate  of  coat  of  a  ?5'foot  dam  with  slopes  1  to  1  and  f  to  i. 

Loose  rock,  73,000  cubic  yards;  or  43,800  cubic  yards  solid 

at$1.50 $65,700.00 

Earth,  55,870  cubic  yards  at  $0. 25 13,967.50 

Extra  labor  on  5,000  cubic  yards  laid  by  hand,  at  $1 5, 000. 00 

Tunnel,  350feetat  $12 4,200.00 

Tower,  gates,  and  connections 15, 000. 00 

Guide  walls,  etc.,  lit  wasteway 15,000.00 

118, 867. 50 
Engineering  and  contingencies,  10  per  cent 11, 886. 75 

Total 180,754.25 

Estivfiate  of  cost  of  75'foot  dam  with  slopes  1\  to  1  and  |  to  1. 

Loose  rock,  91,000  cubic  yards;  or  54,600  cubic  yards  solid 

at  $1.50 $81,900.00 

Earth,  55,870  cubic  yards  at  $0. 25 13,967.50 

Extra  labor  on  6,000  cubic  yards  laid  by  hand,  at  $1 6, 000. 00 

Tunnel,  350feetat$12 4,200.00 

Tower,  gates,  and  connections 15,000.00 

Guide  walls,  etc.,  at  wasteway 15,000.00 

136, 067. 50 
Engineering  and  contingencies,  10  per  cent 13, 606. 75 

Total.... 149,674.25 

Estimate  of  2ost  of  OS-foot  dam  with  slopes  1  to  1  and  f  to  1. 

Loose  rock,  110,000  cubic  yards;  or  66,000  cubic  yards  solid  at 

$1.50 $99,000 

Earth,  70,000oubic  yardsat$0.25 17,500 

Extra  labor  on  7,000  cubic  yards,  at  $1 7,000 

Tunnel, 350  feet  at  $12 .' 4,200 

Tower,  gates,  and  connections,  with  bridge  to  tower 17. 000 

Guide  walls,  etc.,  at  wasteway 20,000 

164, 700 
Engineering  and  contingencies,  10  per  cent . , 16, 470 

Total 181,170 

The  foregoing  estimates  are  based  ou  the  supposition  that  the  rock 
will  be  hard  enough  to  stand  vertically  around  the  tower  and  that  the 
tunnel  will  not  need  lining. 

The  transmission  line  from  the  power  plant  in  sec.  14,  T.  25  S.,  R. 
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35  E.,  M.  D.  M.,  to  Raiidsburg,  43  miles  distant,  would  be  over  as  fine 
a  country  for  a  pole  line  as  can  well  be  found — easy  slopes,  virtually 
unimproved  and  without  tree  growth.  With  very  few  exceptions  a 
wagon  could  be  driven,  without  road  work,  along  the  transmission 
line  from  the  power  plant  to  Randsburg.  The  highest  elevation 
reached  on  the  pole  line  would  be  at  Walkers  Pass,  5,320  feet  above 
sea  level,  and  at  that  point  the  snow  lasts  only  a  few  days  and  would 
never  interfere  with  the  regular  patrol  of  the  line. 

The  following  is  an  approximate  estimate  of  the  cost  of  generating 
and  transmitting  electric  current  from  the  South  Fork  power  house, 
for  a  deliver}'  in  Randsburg  of  900  horsepower,  with  conduit  and  pole- 
line  cajmcity  for  450  additional  horsepower: 

Estimate  of  cost  of  generating  and  transmitting  electric  current  from  South  Fork 

power  house  to  Randsburg. 

Diversion  in  bed  rock  and  100  feet  of  rock  channel $4, 000 

Regulating  gate 1,000 

Riveted-steel  pipe,  8,000  feet  of  80-inch,  gage  No.  12,  at  $2.70.  21, 600 

Pipe  work  in  canyon,  8,000  feet .  10,000 

Flume,  3,500  feet  at  $3 10,500 

Tunnel,  1,300  feet  at  $10 13,000 

Canal  in  earth,  8,000  feet,  with  concrete  lining 6, 750 

Canal  in  rock,  1,594  feet  at  $1.50  per  foot  run 2,391 

Siphon,  1,000  feet  at  $3 3,000 

Penstock,  4,000  feet  at  $4 16,000 

Water  wheels G.  000 

Power  houses,  two,  fireproof  .  6,000 

Wire  for  transmitting  current,  900  horsepower,  delivered  43 

miles 13,000 

Telephone 2,000 

Line  poles  (43  miles,  40  to  the  mile) ,  and  placing  same 20, 000 

Electric  machinery 30,000 

Distribution  of  current  at  Randsburg 5,000 

170, 241 
Contingencies,  l6  per  cent 24, 536 

Total 195,777 

A  landslide  has  blocked  the  canyon  and  created  a  lake  of  about  40 
acres  area  on  the  North  Fork  of  Kern  River  just  below  the  ]nouth  of 
Whitney  Creek  and  above  the  mouth  of  the  Little  Kern.  This  lake, 
known  as  Kern  Lake,  the  California  State  engineering  department,  in 
its  investigations  of  the  Kern  River  drainage  basin,  has  considered  as  a 
possible  reservoir  site.  At  the  lower  end  of  the  lake  the  cliffs  tower 
almost  vertically  above  it  to  heights  ranging  from  2,000  to  3,000  feet, 
and  estimates  have  been  made  for  the  blasting  of  large  fragments  into 
the  dam  site,  forming  a  loose  rock-fill  dam.  The  capacity  of  the 
reservoir  at  the  220-foot  level  would  be  40,000  acre-feet.     The  State 
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engineering  department  considered  the  possibility  of  paving  the  mass 
of  rock  thus  thrown  down  to  a  uniform  surface  and  covering  it  with 
asphalt.  The  width  of  the  canyon  at  the  site  is  only  100  feet  at  the 
bottom  and  400  feet  at  a  height  of  230  feet  above  the  stream  bed. 
There  would  be  no  question  about  the  ability  of  the  drainage  basin 
to  fill  the  reservoir  annually,  and  if  it  is  possible  to  construct  such  a 
dam  at  this  place  the  site  probably  would  be  of  value  for  replenish- 
ing the  late  summer  flow  for  power  and  irrigation. 


RECONNAISSANCE  OF  YUBA"  RIVEK, 

CALIFORNIA. 


By  Marsden  Manson. 


WATERSHED. 

Yuba  River  is  a  tributary  of  Feather  River,  which  it  enters  at  Marys- 
ville,  30  miles  above  its  mouth.  It  drains  about  1,357  square  mileg 
of  the  western  slope  of  the  Sierra  Nevada,  comprising  portions  of 
Sierra,  Nevada,  Plumas,  and  Yuba  counties.  The  extreme  length 
of  the  watershed  is  about  00  miles,  the  extreme  width  36  miles.  la 
addition  to  the  length  given  there  are  about  11  miles  of  channel  in 
the  valley  between  the  foothills  and  Feather  River.  In  size  Yuba 
River  is  fourth  in  the  Sacramento  Valle3^  Its  extreme  low- water  dis- 
charge is  about  360  cubic  feet  per  second,*  its  mean  winter  discharge 
1,500  cubic  feet  per  second,  and  its  flood  discharge  26,000  cubie 
feet  per  second.'  For  the  lower  10  miles  of  its  course  in  the  foot- 
hills the  river  is  greatly  clogged  with  debris  from  hydraulic-mining 
camps  (estimated  at  many  million  cubic  yards),  and  is  between  levees 
which  have  been  raised  from  year  to  year  to  meet  the  overflow  caused 
by  the  filling  up  of  the  area  between  them.  The  channel  of  the  river  in 
the  lower  foothills  has  been  filled  with  cobbles  and  gravel  to  a  depth  of 
more  than  100  feet.  (See  PL  IV,  B,)  From  the  foothills  to  the  mouth 
of  the  river  at  Marysville  the  channel  is  over  a  surface  of  gravel, 
sand,  and  clay,  recently  built  up  from  the  mines  above.  The  chan- 
nels are  irregular  and  change  from  winter  to  winter  and  sometimes 
during  the  summer.  It  is  therefore  impracticable  to  establish  low- 
water  gaging  stations  which  would  serve  for  more  than  one  summer 
and  fall  and  which  would  be  suitable  for  winterer  fiood-stage  gaginga. 


*  This  is  not  as  small  as  the  natural  discharge  woald  be.  The  larfre  mining  companies— th« 
South  Tnba  Canal  Company,  the  North  Bloomfleld  Gravel  and  Mining  Company,  the  Miltoa 
Excelsior  Water  and  Mining  Company,  the  Eureka  Lake  and  Yuba  Canal  Company,  and  others— 
store  large  volumes  of  water  during  the  winter  and  spring  months  for  use  during  periods  of  low 
water  in  the  late  summer  and  the  early  autumn. 

*  Elztreme  flood  discharge  estimated  by  Mr.  Hubert  Vischer,  Asst.  Engr.,  U.  S.  Engrs.,  ai 
125,000  cubic  feet  per  second.  H.  R.  Doc.  No.  431,  Fifty-sixth  Congress,  second  session,  p.  12. 
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The  changes  in  the  bottom  and  in  the  position  of  the  channel  are  so 
great  that  the  gagings  at  the  flood  stages  of  the  river  would  be  nnsat- 
isfactiOry,  and  if  undertaken  from  boats  would  be  highly  dangerous, 
if  not  impossible. 

The  drainage  basin  is  subdivided  into  five  small  basins,  namely. 
North  Fork,  with  a  drainage  area  of  491.6  square  miles;  Middle  Fork, 
with  a  drainage  area  of  218  square  miles;  South  Fork,  with  a  drain- 
age area  of  360  square  miles;  Deer  Creek,  with  a  drainage  area  of 
89.6  square  miles;  and  Dry  Creek,  with  a  drainage  area  of  105.5  square 
miles.  In  addition  to  these  an  area  of  9^.5  square  miles  drains  into 
the  main  stream  above  the  100-foot  contour.  Dry  Creek  joins  Yuba 
River  from  the  north  just  as  it  leaves  the  foothills.  The  other  streams 
unite  in  the  mountains.     The  forks  are  perennial  in  flow,  but  the 
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Fi(}.  14.— Map  of  Yuba  River,  showing  location  of  gairin?  stations. 

discharge  of  the   two  creeks  mentioned  (Deer  and   Dry)  becomes 
insignificant  in  the  late  summer  and  early  autumn. 

As  they  merge  into  the  valley  the  Sierra  foothills  have  an  elevation 
of  about  100  feet  above  tide.  The  watershed  rises  gently,  in  rounded 
and  broken  mountains,  to  the  crest  of  the  Sierra,  which  at  the  head- 
waters of  the  Yuba  is  at  a  mean  elevation  of  about  8,200  feet,  isith 
peaks  rising  to  a  height  of  0,100  feet.  From  Mount  Lincoln — ^a  pe^k 
common  to  the  watersheds  of  Yuba,  American,  and  Truckee  rivers— 
to  a  point  about  2^  miles  northeast  of  Mount  Webber,  the  summit  of 
the  Sierra  divides  the  watershed  of  Yuba  River  from  that  of  Truckee 
River,  which  discharges  into  Humboldt  Basin.  Farther  north  from 
Mount  Webber  there  is  a  secondarj'  crest  which  divides  the  water- 
sheds of  Yuba  and  Feather  rivers,  the  watershed  of  the  latter  stream 
reaching  farther  east,  to  a  less  elevated  divide  in  which  the  passes 
are  loM^er  than  those  of  the  easterly  crest. 
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TOPOGRAPHT. 

The  western  and  lower  portions  of  the  drainage  area  are  composed 
of  slates  and  kindred  rock,  very  much  eroded  and  merging  into  the 
gravel  and  alluvial  deposits  of  the  great  valley  of  California.  The 
upper  portions  of.  the  basin  are  composed  principally  of  lavas  and 
granites,  all  deeply  eroded,  particularly  the  lavas.  Some  idea  of  the 
magnitude  of  the  erosion  may  be  obtained  when  it  is  considered  that 
it  has  required  at  least  4,000  (possibly  6,000)  cubic  miles  of  denuded 
materials  to  fill  the  great  valley  of  California  to  its  present  level,  and 
that  most  of  this  has  come  from  the  Sierra  Nevada. 

A  stratum  of  serpentine  traverses  the  watershed  of  Yuba  River  in 
a  direction  generally  parallel  with  the  crest  of  the  Sierra.  It  is  inter- 
sected by  the  North  Fork  at  Goodyears  Bar,  by  the  Middle  Fork 
near  Moores  Flat,  and  by  the  South  Fork  just  east  of  Washington, 
and  leaves  the  drainage  basin  of  the  Yuba,  passing  near  Towle  Sta- 
tion on  the  Central  Pacific  Railroad.  This  stratum  is  generally  softer 
and  more  easily  eroded  than  adjoining  strata,  and  through  it  the  can- 
yons of  the  various  forks  are  upon  lighter  grades  than  immediately 
above  and  below,  and  they  generally  are  wider.  This  softer  material 
also  controls  the  loci  of  longer  and  more  deeplj'  eroded  tributaries, 
which  afford  approaches  to  the  main  canyons  for  roads  and  trails. 
This  stratum  is  of  further  interest  because  it  is  the  dividing  line 
between  the  auriferous  strata  in  the  watershed.  To  the  west  of  it  the 
mines  are  more  extensive,  the  occurrences  of  gold-bearing  rock  to  the 
east  being  irregular  and  difficult  to  trace. 

The  middle  and  upper  portions  of  the  watereheds  of  the  three  forks 
differ  materially.  The  North  Fork  rises  in  lavas  which  vary  much  in 
composition  and  hardness,  but  which  generally'  afford  a  deep  soil  for 
timber  and  shrub  growth.  The  Middle  Fork  rises  in  similar  lavas 
and  in  granite.  The  mean  elevation  of  the  crest  of  the  Sierra  at  the 
head  of  these  forks  is  about  8,200  feet.  The  main  and  tributarj* 
streams  fall  rapidly,  and  their  canyons  head  well  up  in  the  mountains. 
The  sides  of  these  canyons  are  covered  with  timber  and  brush,  which, 
with  the  deep  soil,  retain  the  moisture  and  feed  numerous  peren- 
nial springs.  (See  PI.  V,  A.)  In  the  case  of  the  North  Fork  this 
is  particularly  noticeable.  The  forests  of  its  watershed  make  it  a 
reliable  and  constant  stream.  •  The  mean  annual  precipitation  uj^on 
the  watersheds  of  the  North  and  Middle  forks  is  about  54  inches. 
Warm  rains  on  soft  snow  sometimes  give  a  high  flood  run-off,  but 
snow  remains  on  the  higher  peaks  until  midsummer.  Reservoir  sites 
are  not  numerous;  they  will  be  mentioned  later.  The  headwatei*s  of 
the  South  Fork  lie  upon  a  broad  granite  surface,  into  which  the  streams 
have  not  cut  deeply  until  the  main  stream  reaches  a  point  16  miles 
from  the  summit,  where  it  drops  rapidly  into  a  deeply  eroded  canj'on. 
The  eastern  or  upper  edge  of  the  drainage  area  has  a  mean  elevation 
about  the  same  as  the  other  forks,  but  the  5,000-foot  contour  is  about 
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20  miles  to  the  westwaM.  This  broad  surface  has  been  denuded  bv 
glacial  action,  and  the  harder  nature  of  the  granite  has  not  pennitte«l 
a  deep  soil  to  form.  The  area  is  therefore  less  heavily  timbered  than 
the  drainage  areas  of  the  other  two  forks,  and  its  accessibility  has 
caused  it  to  suffer  more  severely  from  the  ax  of  the  lumberman. 
This  topography  gives  a  broader  and  more  gently  sloping  surfaiv 
than  characterizes  the  headwaters  of  other  Sierra  Nevada  streanL>. 
The  surface  is  marked  by  nearly  100  glacial  lakelets  and  valleys, 
affording  many  excellent  reservoir  sites  which  have  been  or  are  being 
utilized.  This  elevated  watershed  receives  a  mean  annual  precipita- 
tion of  60  inches,  most  of  which  is  in  the  form  of  snow.  The  slow 
melting  of  the  snow  maintains  the  discharge  of  tributaries  until  June 
or  July,  which,  with  the  natural  and  artificial  reservoirs,  makes  the 
South  Fork  of  the  Yuba  a  highly  valuable  and  reliable  source  of 
water  supply. 

NATURAIi  STORAGE  OF  WATER  IK^  YUBA  RIVER  BASrS. 

Precipitation  upon  the  drainage  basin  of  Yuba  River  is  dei)endent 
upon  the  southerly  or  winter  extension  of  the  north  temperate  rain 
belt.  During  the  summer  months  the  more  northerly  position  of  this 
belt  leaves  California  in  the  comparatively  rainless  region  between 
the  north  temperate  and  equatorial  rain  belts.  The  rains  and  snows, 
therefore,  fall  from  October  to  April,  with  little  or  no  rainfall  of 
moment  from  May  to  September,  so  that  during  the  latter  months  the 
streams  depend  upon  either  natural  or  artificial  storage.  Natural 
storage  is  by  snow  and  the  slow  run-off  of  water  retained  in  afforested 
and  brush-covered  soils.  On  the  South  Fork  artificial  storage  has 
reached  a  very  effective  stage.  The  precipitation  ranges  from  i^^ 
inches  at  Marysville,  in  the  valley,  to  70  inches  at  the  summit  of  the 
Sierra.^ 

Snow  storage  of  water  is  depended  on  during  the  latter  part  of  April 
and  into  July,  the  run-off  until  June  being  superabundant  for  all  pur- 
poses, but  in  July  it  begins  to  fall  below  the  necessities  of  dependent 
industries,  and  it  remains  below  until  the  autumnal  rains  occur.  Snow 
storage  has  been  made  a  subject  of  extended  observation  by  Mr. 
W.  F.  Englebright,  chief  engineer  of  the  South  Yuba  Canal  Company, 
through  whose  courtesy  the  writer  has  been  enabled  to  prepare  a  most 
instructive  diagram  of  the  accumulation,  depth,  and  rate  of  melting  of 
snow  at  Lake  Fordyce  (fig.  15).  This  lake  has  an  elevation  of  6,5ii»^ 
feet  above  tide  level,  and  is  in  a  region  over  which  the  annual  precipita- 
tion in  rain  and  melted  snow  is  70  inches.  Snow  begins  to  accumulate 
late  in  November,  and  reaches  its  maximum  depth  in  packed  snow  in 
March.  During  the  winter  months  the  lower  readings  on  the  gage  rod 
following  higher  readings  generally  indicate  a  packing  of  the  snow. 

1  These  figures  are  taken  from  a  mapprei>ared,  under  the  writer  Redirection,  for  the  Calif omk 
Water  and  Forest  Association,  showing  the  drainage  areas,  the  mean  annual  rainfall,  and  the 
distribution  of  forests  throughout  the  State. 
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Melting  begins  in  March  and  continues  quite  regularly  until  the  mid- 
dle of  June  or  early  July.  Short  storms  during  April  and  May  cause 
offsets  in  the  curve,  which  resumes  a  parallel  line.  A  series  of  cold  and 
heavy  storms  in  April,  1896,  caused  the  snow  to  last  until  July  5,  while 
the  clear,  warm  spring  of  1897  caused  it  to  disappear  on  June  7. 

During  the  latter  half  of  April,  by  means  of  daily  reports  by  tele- 
phone, Mr.  Englebright  is  enabled,  through  diagrams  upon  a  larger 
scale,  to  approximate  to  within  a  few  days  the  duration  of  the  snow 
supply  and  the  beginning  of  the  draft  on  the  reservoirs.  Data  and 
studies  of  this  kind  are  very  valuable,  and  suggest  the  importance  of 
stations  above  the  snow  line  as  a  means  of  determining  the  volume  of 
snow  storage  available  at  different  seasons  and  the  ratio  between  the 
volume  stored  by  snow  and  that  stored  by  reservoirs.  The  discharge 
of  the  streams  is  maintained  by  snow  during  the  spring  and  for  half  of 


Fio.  15.— Diagram  showing  deptli  of  snow  at  Lake  Fordyce. 

the  summer  months,  and  the  volume  and  rate  of  the  discharge  can  be 
foretold  with  reasonable  accuracy  by  daily  readings  of  gages  proi)erly 
located. 

ARTIFICIAIi  STORAGE  POSSIBIIilTIES. 


The  natural  facilities  for  the  storage  of  storm  waters  are  particu- 
larly favorable  in  the  upper  third  of  the  drainage  basin  of  the  South 
Fork.  The  demands  for  large  volumes  of  water  under  high  pressure 
to  operate  the  mines  in  the  middle  and  lower  portions  of  that  drain- 
age basin  and  those  on  Bear  and  American  rivers  were  met  by  the 
construction  of  large  and  expensive  canals  and  storage  reservoirs. 
Just  above  the  great  bend  north  of  the  head  of  Bear  River  and  at  the 
head  of  the  steep  canyon  of  the  South  Fork  is  a  broad,  flat,  glacial 
valley  which  has  been  converted  into  a  lake  by  the  construction  of  a 
stone  dam.  This  lake,  known  as  Lake  Spaulding  and  shown  in  PI. 
IV,  Ay  has  a  capacity  of  270,000,000  cubic  feet,  and  is  the  lower  and 
controlling  reservoir  of  a  series  embracing  the  available  storage  and 


44 


RECONNAISSANCE    OF   YUBA   RIVER,   CALIFORNIA.  [K0.4i 


supply  above.  This  supply  is  derived  from  about  120  square  milea, 
upon  which  the  mean  annual  precipitation  in  rain  and  melted  snow 
is  about  5  feet.     The  following  is  a  list  of  the  storage  reservoirs: 

Storage  reservoirs  in  Yvba  River  Basin, 


Name  of  reservoir. 


Meadow 

Stirling 

White  Kock 

Peak  Lakes  (three)  .. 

Fordycse 

Lost  River 

Fallcreek  Lakea  (siz) 

Spanlding. 

Snnimit  Lake 

Bear  Valley 


Total. 


Elevation. 

Area. 

Capacity. 

Cost  of 
dam. 

Feet    ' 

Acre*. 

OaUons, 

7.515 

aoo 

1,275.000.000 

mkOQo 

7.200 

100 

840,000.000 

201000 

7,000 

80 

225,000.000 

6»a» 

6.900 

150 

1,275,000,000 

800^000 

6,500 

474 

5,060,000,000 

7,000 

{^ 

86,000.000 

(o) 

7,000 

1,080,000.000 

aSion 

4,846 

215 

2,125.000.000 

6,8U0 

400 

1,988.816,000 

ao,ooo 

4,400 

60 

145.411,200 

8.000 

1,9S0 

&  14, 400, 227. 200 

478.  OOO 

a  Records  lost. 


5 1,021.230,283  cable  feet. 


The  aggregate  area  of  these  reservoirs  is  3.05  square  miles,  and  they 
are  filled  to  an  average  depth  of  22.5  feet,  thus  giving  storage  for 
about  12  per  cent  of  the  mean  annual  precipitation  upon  the  tribn- 
tarj^  area,  the  remainder  going  to  waste  and  bo  swell  the  floods  which 
devastate  the  valley.  It  is  possible,  by  raising  the  dams  and  enlarg- 
ing the  canals,  to  utilize  a  considerable  additional  portion  of  the  pre- 
cipitation. The  conditions  favorable  to  the  conservation  of  water  on 
the  upper  third  of  the  drainage  basin  of  the  South  Fork  are  far  greater 
than  in  the  lower  two-thirds  of  that  basin  or  in  the  basin  of  the  other 
forks. 

On  the  upper  portion  of  Canyon  Creek,  a  tributary  of  the  South 
Fork,  the  Fureka  Lake  and  Yuba  Canal  Company  and  the  North 
Bloomfield  Gravel  and  Mining  Company  have  the  following  storage 
reservoirs : 

Storage  reservoirs  on  upper  portion  of  Canyon  Creek, 


1 

Name  of  reser- 
voir. 

Area. 

Height. 

Feet. 
100. 0 
89.2 
10.0 
12.8 
12.0 
8.0 
11.0 

Top 
length. 

Baro- 
metric 
eleva- 
tion. 

Catch- 
ment 
area. 

1 
Capacity. 

1 
Cost. 

i 

,    Bowman 

;    Sawmill  Flat ... 
1    Shot  Gun  Lake. 
1    Island  Lake 

Middle  Lake.... 

Crooked  Lake . . 

Round  Jjake 

Fall  Creek 

Acres. 
500.0 
80.5 
26.2 
48.  B 
11.2 
10.8 
8.1 

Feet. 
425 

Feet. 
5,460 
5,780 
6.410 
6.690 
6.460 
6,510 
6.500 
6.600 
5,410 
6,060 

Acres. 
12.098 

Cubicfeet. 
900.000.000 
2.000.000 
8,423.816 
23.027.568 
2,305,800 
1.6O(t,O0O 
2.006,630 

$151.  S31 

Total  amotuii 
expended   on 

and     reeer- 
vo(rs,|SM,CUi. 

Jackson  Lake... 
Faucherle  Lake 
Weaver  Lake 

20.0  .         6.0 
90.0         21.0 
83.5          21.8 

"""556" 

8.262 

15,666.000 

68.000,000 

160,000.000 

661,000,00(1 

8.U.<0 

1    Eureka  Lake  . . . 

837.3          68.2 

... 
250  '"  6,480 

3,170 

35.  (Wn 

Total 

1 

1.840.854,804 

........ 

The  drainage  area  tributary  to  these   I'eservoirs  is  28.4   squarte 
miles,  and  it  receives  a  total  precipitation  during  an  average  year  of 
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4,589,481,600  cubic  feet,  1,849,354,804  cubic  feet  of  which  is  stored,  or 
between  one-third  and  one-half  of  the  mean  annual  precipitation. 

On  the  Middle  Fork  there  are  no  reservoirs  storing  water  at  the 
present  time.  The  only  site  of  any  imx>ortance  is  that  of  the  Ruyard 
or  English  reservoir  (see  PI.  VI),  which  has  not  been  in  use  since 
the  failure  of  the  dam  in  June,  1883.  This  site  has  a  capacity  of 
650,000,000  cubic  feet. '  Weaver  Lake  is  on  the  watershed  of  the  Mid- 
dle Yuba,  but  its  catchment  area  is  not  lai'ge  enough  to  fill  it,  so  it  is 
supplied  from  the  Eureka  Lake  and  Yuba  Canal  Company's  ditch 
from  Canyon  Creek,  a  tributary  of  the  South  Yuba,  and  is  included 
in  the  foregoing  list.  At  Milton  there  is  a  reservoir  site  with  an  esti- 
mated capacity  of  28,000,000  cubic  feet.  The  total  st>orage  capacity 
on  the  Middle  Yuba  may  be  considered  to  be  678,000,000  cubic  feet. 

On  the  North  Fork  are  tlie  dam  and  headworks  of  the  Browns  Val- 
ley Irrigation  District.  (See  PI.  VII. )  The  dam  is  a  well-built  crib 
structure,  about  167  feet  long  on  the  crest,  with  a  maximum  height  of 
37  feet.  The  head  gates  are  in  concrete.  For  several  miles  above 
the  dam  the  river  bed  is  covered  with  gravel,  sand,  and  cobbles  on  a 
grade  slightly  less  than  that  of  the  original  stream.  This  is  a  feature 
common  to  dams  upon  streams  carrying  mining  d6bris.  The  dam 
thus  acts  as  a  retaining  wall  as  well  as  an  overflow  weir.  Leakage 
through  the  debris  and  dam  is  slight.  The  head  gates  open  into  a 
flume  5  feet  by  7  feet,  on  a  grade  of  13  feet  to  the  mile,  and  built  to 
carry  300  second-feet  of  water.  The  greater  portion  of  the  water 
diverted  is  used  to  develop  power  at  the  Colgate  and  Browns  Valley 
power  stations  of  the  Bay  Counties  Power  Company,  lessees  of  the 
Browns  Valley  Irrigation  District  rights.  This  power  is  transmitted 
to  Marysville,  Oroville,  Wheatland,  Nevada  City,  Grass  Valley,  and 
Sacramento.  These  plants  are  synchronized  with  one  on  the  South 
Yuba,  about  7  miles  distant. 

On  the  North  Fork  there  are  the  following  small  lakes,  which  might 
be  developed  to  an  aggregate  storage  capacity  of  500,000,000  cubic 
feet: 

Reservoir  sites  on  tJie  North  Fork, 


Naxue  of  lake. 


Upi>er  Sardine 

Lower  Sardine 

Yoang  American 

Volcano 

Packer 

Saxonia 

Deer 

Upper  Salmon , 

Lower  Salmon 

Hawley 

Spencer  Lakes  (two) 

Sundry  small  lakes  (five,  not  named) 
DeadmanH 

Total 
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Assuming  that  artificial  storage  on  the  North  Fork  and  the  Middle 
Fork  could  be  developed  to  a  capacity  equal  to  that  above  the  Lake 
Spaulding  daro,  there  would  then  be  in  service  an  area  of  6.8  square 
miles  with  water  at  an  average  depth  of  26.4  feet,  or  5, 692,000, Ck.k) 
cubic  feet.  The  mean  annual  precipitation  in  the  drainage  basin  of 
Yuba  River  is  170,829,000,000  cubic  feet.  The  total  ultimate  artifi- 
cial storage  is  less  than  3.3  per  cent  of  this  precipitation,  and  could 
haMly  be  recognized  in  a  gaging  of  the  total  run-off.  Moreover,  in 
the  storage  of  water  for  industrial  purposes  the  uncertainty  of  the 
characticr  of  the  seasonal  rainfall  makes  it  prudent  and  desirable  to 
permit  the  reservoirs  to  fill  during  the  earlier  rains,  and  not  leave  the 
husbanding  of  a  supply  to  i)ossible  succeeding  rains.  Hence  it  gen- 
erally happens  that  when  the  heavy  storms  of  the  late  winter  and 
spring  months  occur  the  reservoirs  are  full  and  the  flood  wave  passes 
down  without  being  diminished  by  the  reservoirs.  This  is  also  true 
to  a  limited  extent  of  regions  above  the  snow  line,  where  the  unmelted 
snow  constitutes  a  reservoir  of  far  greater  capacity  than  ordinarily  is 
obtained  by  building  dams.  It  happens  that  when  late  warm  rains  or 
rapid  melting  of  the  snows  occurs  the  reservoirs  are  already  full,  and 
consequently  do  not  diminish  the  flood  volume. 

It  would  appear,  therefore,  that  however  useful  artificial  reservoirs 
are  for  domestic  and  industrial  purposes  they  can  not  be  relied  upon, 
except  under  unusual  conditions,  to  decrease  the  heights  of  late  win- 
ter and  spring  floods,  and  we  must  look  elsewhere  for  a  solution  of 
that  problem. 

COMPARISON    OF    LOW-WATER    DISCHARGE    FROM   A    TIMBERED    AREA 
WITH  THAT  FROM  A  COMPARATIVELY  TREELESS  AREA. 

i  On  the  south  fork  of  the  North  Fork  is  a  watershed  area  of  139 

square  miles,  which  was  gaged  on  September  19, 1900,  after  three  suc- 
cessive seasons  of  deficient  rainfall,  and  gave  a  minimum  run-off  of 
113  second-feet,  or  0.8  second-foot  per  square  mile.  This  area  is 
well  covered  with  timber  and  brush,  and  in  120  days  it  gives  a  mini- 
mum run-off  of  1,441,152,000  cubic  feet. 

The  drainage  basin  of  the  North  Fork  is  more  heavily  timbered  than 
the  basins  of  the  other  forks,  and  consequently  it  has  a  deeper  soil, 
and,  although  only  one-tenth  of  the  total  drainage  area,  it  furnishes 
75  per  cent  of  the  low- water  flow  of  the  entire  drainage  basin  above 
Parks  Bar. 

On  the  south  fork  above  Lake  Spaulding  there  is  a  watershed  of 
120  square  miles,  which  has  heretofore  been  described  as  compara- 
tively barren  of  timber,  the  timbered  areas  which  once  existed  having 
been  denuded.  (See  PL  VIII,  A.)  The  run-off  of  this  area  is  practi- 
cally nothing  for  120  days  of  the  year,  due  to  the  absence  of  forests  and 
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brush.  If  this  area  were  afforested  and  gave  a  minimum  run-off  of 
0. 8  second-foot  per  square  mile,  the  discharge  would  be  100  second-feet, 
equivalent  to  an  effective  storage  capacity  of  1,036,800,000  cubic  feet. 
This  minimum  low- water  discharge  of  100  second-feet  for  120  days 
is  equivalent  to  more  than  half  the  storage  capacity  of  all  the  reser- 
voirs above  Lake  Spauldingdam,  which  aggregate  1,375,000,000  cubic 
feet.  As  the  basis  of  this  estimate  is  extreme  low- water  discharge, 
it  may  be  assumed  that  by  afforesting  the  watershed  this  costly  and 
extensive  system  of  reservoirs  could  safely  be  drawn  upon  for  double 
their  present  capacity!  As  what  is  true  of  portions  of  the  watershed 
is  true  of  the  watershed  as  a  whole,  aggregating  as  it  does  1,357 
square  miles,  the  value  of  afforesting  the  area  becomes  apparent. 

It  appears  to  the  writer  that  the  solution  of  the  problem  of  storage 
of  flood  waters  is  not  the  retention  of  a  small  percentage  of  the  storm 
waters  behind  dams,  but  the  application  of  storage  over  the  entire 
wat.ershed  by  the  systematic  protection  and  extension  of  forest-cov- 
ered and  brush-covered  areasj^ 

DISCHARGE    MEASUREMENTS    OF    YUBA    RIVER    AND    ITS 

TRIBUTARIES. 

The  accompanying  tables  of  low-water  discharge  measurements  of 
Yuba  River  and  its  forks  are  based  upon  observations  and  gagings 


••oirr.  »oo  looo  i»oo  iooo  «»oo  ««po 

FlQ.  Id— Onrye  showing  relation  of  gage  height  to  discharge  of  Yuba  Biver. 

made  by  Mr.  H.  D.  H.  Connick,  under  the  direction  of  the  writer, 
during  the  months  of  June,  July,  August,  September,  and  October, 
1900.  The  precipitation  during  the  wet  season  preceding  these  gag- 
ings was  about  two-thirds  to  three-fourths  of  the  mean  annual  rain- 
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fall.     The  precipitation  during  the  two  preceding  wet  seasons  was 
still  further  below  the  normal. 

The  location  of  the  gaging  stations  is  shown  on  the  map,  fig.  U, 
page  40.  The  gagings  were  made  with  a  large  Price  meter  famished 
by  the  United  States  Greological  Survey.  The  usual  method  was  par- 
sued,  namely,  the  cross  section  was  divided  into  subsections  of  5  feei 
each,  and  the  velocities  were  observed  for  three  minutes  for  each  foot 
of  depth.  The  integral  of  the  discharges  thus  ascertained  divided  by 
the  total  cross-sectional  area  determined  the  mean  velocity.  The 
volumes  thus  determined  for  various  stages  were  platted  as  a  cune 
of  discharge,  using  gage  heights  and  dischai^es  as  ordinates,  from 
which  curve  intermediate  discharges  were  estimated  to  fill  out  the 
tables.     For  discharge  curves,  see  figs.  16,  17,  and  18. 

Daily  discharge  of  Yuba  River  at  Parks  Bar  Bridge  during  the  month  of  My, 

1900. 


Day. 

Gage  height. 

Mean 
heigot. 

Area  of 
section. 

1 

Mean  ve- 
locity. 

Discharge. 

1 

6a.xn. 

6  p.m. 

1 

Feet. 
2.90 
2.90 
3.10 
2.80 
2.70 
2.00 
2.00 
2.70 
2.60 
2.60 
2.70 
2.70 
2.70 
2.60 
2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.50 
2.60 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 

Feet. 
2.80 
2.90 
2.90 
2.70 
2.80 
2.70 
2.80 
2.70 
2.60 
2.60 
2.60 
2.5D 
2.60 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2.80 
2.30 
2.40 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.3U 
2.40 
3.30 

Feet. 
2.86 
2.90 
3.00 
2.76 
2.76 
2.66 
2.70 
2.70 
2.60 
2.00 
2.66 
2.60 
2.60 
2.56 
2.55 
2.46 
2.46 
2.46 
2.40 
2.35 
2.35 
2.40 
2.46 
2.45 
2.45 
2.35 
2.a5 
2.35 
2.35 
2.35 
2.30 

Square 
feet. 

Feet  per 
second. 

Second- 
feet. 

970.0 
1,020.0 
1,100.0 
800.0 
890.0 
810.0 

86ao 

860.0 
775.0 
776.0 
820.8 
810.5 
773.8 
730.0 
780.0 
000.0 
600.0 
600.0 
020.0 
580.0 
580.0 

e».2 

085.8 
672.7 
660.0 
660.0 
680.0 

6eo.a 

660.0 
680.0 
646.0 

Cubic  feet  pfr 

tUhcmn, 

83,80ei,0a:> 

2 

88,i28,ariij 

3 

4 

05,040,aL>0 

76.886.000 

5 

76.896,0)0 

6 

60,984.000 

7 

:3.440,00i> 

8 

n,m.m 

9 

66,900.0011 

10 

11 

06, 990.  WO 
70,917.1* 

181.5 
180.0 
171.1 

4.62 
4.50 
4.89 

12 

70.097,91) 

13 

66,856.330 

14 

63,m2,ao 

16 

e3,o».o)>i 

16 

^.o»,aM 

17 

67,001.000 

18 

67,QB4,0IJ0 

19 

58,668,  av 

20 

flO»ii2.oa) 

21 

60,112,000 

22 

103.6 
ir3.3 
169.3 

3.80 
3.01 
3.97 

6a,180.iV0 

23 

24 

m,m.iso 

57«oes,«i) 

25 

57.0M.0D0 

26 

60.112,  OUO 

27         .        .  . 

60,112,000 

28             

60b  moon 

29 

iO^lU.000 

30 

31 

47.068,000 

Total.. 

1,966,069,000 
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Daily  dUehargeof  T^iba  River  at  Parkg  Bar  Bridgeduring  the  month  of  August,  1900, 


Day. 

GaSBheiBht. 

Hun 

•ectii^. 

»isr 

1 

8«.m. 

epm. 

DifcUTBO.                    1 

Ftet. 

J 

.a) 

£.£0 

.30 

1 

.20 
.30 
.80 

I 
1 

.80 
2.25 

1 

If 

1 
1 
1 

S9./i.    U.p«-«c. 

*^6 

180.0 

i! 

uo.o 

is 

400. 0 

11 

sio!o 

610  0 
«0.0 
4tl0.0 

1 

V         persk  1 

i 
1 

i 
i 

\ 

0*0 

ooo 

flOO 
B20 

i 

uoo 

i 

(WO 

ooo 

000 
000 
B80 
000 

un 

im:t  i       siw 

-SO    .       2.3U 

SO 

J 

.30 
.SO 

£.20 

:S 

.10 

1 

.a) 

iJS 

.20 
£.iO 

:S8 

.20 
.30 

;l! 

.10 
.10 

4: 

Daily  di»e)iarge  of  Yiiba  River  at  F 


D«y. 

G««B  height. 

UeaD 

1 

SB.m. 

ftp.™. 

hS!?h"t. 

BeoUon,  1     looity. 

Di™«ge.             1 

rio 

.80 

:lg 

.80 

:S 

,so 

.£0 

.10 
.00 

«:$ 

.10 

1 

p«(. 

1. 

1 

1 

i. 

1 
1 

2: 

2: 

2! 
2. 

i 
1 

s 

\ 

0 

! 

Sq.ft. 

fY.pw«e. 

400.0 
440.0 

S:8 

4TO.0 

ii 

IBS.  8 

S:S 

470,0 

li8:8 

440.0 

ii 

860.0 
4U0.O 

C^Jt^P'rll.  1 

!8 

40 

i 
i 

40 

1 
1 

i 

i 

11 

40. 0« 
40.6(H 
88,018 
31,  UO 

1 

S0.112 

ass 
"■•" 

us 

S,:{S 
II 

0I« 

i 

E 

000 

i 
i 

om 

178.8 

i:^" 

1  »!,.".    i 
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Daily  discliarge  of  Yuba  River  at  Parka  Bar  Bridge  during  the  month  of  Ocidfer, 

1900. 


Day. 

Gage  height. 

Mean 

hef^t. 

TV4<_ 

.^W^i.          ^ 

6  a.  m. 

6  p.  m. 

Feet. 
2.00 
2.00 
8.40 
4.90 
4.60 
4.00 
3.60 
8.60 
3.50 
3.40 
3.40 
8.40 
3.40 

LnkKiunrifv. 

1 

Feet. 
2.00 
2.00 
2.80 
3.20 
4.60 
4.20 
3.70 
3.50 
3.50 
3.50 
3.40 
3.60 
3.40 

Feet. 
2.00 
2.00 
8.10 
4.06 
4.60 
4  10 
3.65 
3.50 
3.50 
3.45 
3.40 
3.50 
3.40 

8ee.-ft 

360 
1,200 
2,140 
2,720 
2,200 
1.730 
1,585 
1,505 
1,540 
1.480 
1.505 
1,480 

Cu./t.per:i 
hrt. 
31.104.0(1J 

2 

S1.104,Uli 

3 

108.680  (W 

4 

184.806.0iU 

5 

235,008.U)U 

6 

7 

190.0t«.(rii 
149. 4  IS.  Ui) 

8 

9 

137.808.lOu 

137. 808.  (ID 

10 

133, 066.  (a) 

11 

12 

12:,872,(iir 

137. 808.(111 

13 

127,872.0111 

Total 

1,727,668.000 

Note.— On  the  evening  of  October  4  gage  No.  1  was  washed  oat.  All  snbseqnent  T^adii:,rs 
were  made  on  gage  No.  2.  Equation:  Gage  No.  2+2.2=gage  No.  1.  Thns:  2.7+2.2«4.9.  gat^- 
height. 


Daily  discJiarge  of  North  Fork  of  Yvba  River  at  Yuba  Power  Company*s  flam  during 

the  month  of  July,  1900. 


Day. 

Gage  height. 

Mean 

gage 

height. 

Area  of 
section. 

Sq.  ft.  • 

Mean  ve- 
locity. 

Discharge. 

6  a.  m. 

6  p.  m. 

1 

Feet. 
2.07 
2.06 
2.06 
2.05 
2.00 
1.95 
2.00 
1.95 
1.90 
1.85 
1.80 
1.75 
1. 75 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.65 
1.65 
1.65 
1.70 
1.70 
1.65 
1.65 
1.65 
1.60 
1.60 
1.60 
1.60 

• 

Feet. 
2.07 
2.06 
2.05 
2.00 
2.00 
2.00 
2.00 
1.95 
1.85 
1.80 
1.80 
1.75 
1.75 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.65 
1.65 
1.70 
1.70 
1.65 
•1.65 
1.65 
1.65 
1.60 
1.60 
1.60 
1.60 

Feet. 
2.07 
2.06 
2.05 
2.03 
2.00 
1.98 
2.00 
1.95 
1.88 
1.83 
1.80 
1.76 
1.75 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.65 
1.65 
1.68 
1.70 
1.68 
1.65 
1.65 
1.65 
1.60 
1.60 
1.60 
1.60 

Ft.peraec. 

Sec'ft. 
630.0 
625.0 
606.0 
610.0 
505.0 
666.8 
605.0 
660.0 
520.0 
480.0 
470.0 
440.0 
440.0 
440.0 
440.0 
440.0 
437.7 
418.7 
410.0 
380.0 
380.0 
400.0 
410.0 
400.0 
380.0 
380.0 
366.1 
330.0 
371.4 
360.0 
363.9 

Ott./f.per,>; 
hn 

54.432.(«<> 

2 

54.000.(111 

3 

208.1 

2.08 

62.S)8.4«ii 

4 

62.7im.iH» 

5 

1 

51.40^.4l■' 

6 

190.4 

2.88 

48,971.5^1 

7 

61.4<IH  (•!) 

8 

48.3M.(Mi    , 

44,ieh',iiii 

9 

10 

42,:):K(ii> 

11 

1 

40. 61  ]8.  (If 

12 

38.016.(ii>< 

13 

14 

38.016,(111 

38,016.(11)    ' 

15 

16 

_.....! --..-- 

38,  Old.  lilt 

•  a....        ...1                            -- 

d8,016.Ult 
37.817.i«' 

17 

160.3 
167.0 

2.73 
2.66 

18 

36, 175.6NI 

19 

35. 421,(111 

20 

, 

32,83S.(M) 
SS,832  (■» 

21 

1 

22 

• 

34,560.0111 

2JJ 

3S.424.UI* 

24 

34,6aO.(W 

3S.832.U») 

25 

26 

32,832.(1)11 

27 

158.5 

2.31 

31. 631. Of 

28 

:H24<i.(«i) 

29 

160.2 

2.38 

32.0Hh  9iV 

J«) 

31 

Total... 

^o.24(^ult 

3],440.tMt) 

"  150.1 

2.28 

, 

1,232.548.  »•» 

1 

' 1 

MANSON.] 


DISCHARGE   MEASUREMENTS. 
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Daily  discharge  of  North  Fork  of  Yvba  River  at  Yuba  Power  Company^ 8  dam 

during  the  month  of  August,  1900, 


Day. 

Gage  height. 

Mean 

gage 

height. 

Feet. 
1.60 
1.55 
1.55 

Area  of 

Mean 

Discharge. 

6a.xn. 

6  p.m. 

section,    velocity. 

1 

1      1 

Feet. 
1.60 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.65 
1.55 
1.55 
1.55 
1.56 
1.55 
1.55 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.50 
1..50 
1.50 
1.50 
1.49 
1.49 
1.48 
1.47 
1.47 

Feet. 
1.60 
1.55 
1.55 
1.55 
1.55 
1.55 
1.65 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.49 
1.48 
1.48 
1.47 
1.47 

Sq.  ft.     Ft. per  aec. 
! 

iiec.-fi. 
350.0 

aao.o 

320.0 
320.0 
320.0 
320.0 
320.0 
320.0 
328.4 
321.7 
320.0 
320.0 
320.0 
320.0 
320.0 
320.0 

Cu.  ft.  per  2U 
hrs. 
30.240,000 
27.648,000 

'  2 ::: 



3 

I 

27.648.000 

4 

1.55 
1.55 
1  55 

1 

27,648,000 
27.648,000 
27,648,000 
27,648,000 
27,648.000 
28,373,760 
27,794,880 
27,618,000 
27,648.000 
27.648.000 
27.648,000 
27,648,000 
27,648.000 
27,648,000 
27,648,000 
25.920,000 
26:920,000 
25,920,000 
25,920,000 
25,920,000 
25.920,000 
25,920.000 
25,920.000 
25,488,000 
25,488,000 
24,373.440 
24,589,440 
24,192,000 

IR 

1       6 

1       " 

1.55 
1.55 
1.55 

. 

!   s:::.:..::.:.: 

'      9 

iAr.U     .            2.11 

10 

1. 55          153. 0 

2.10 

11 

a.  55 

1.55 
1.55 
1.55 
1,55 

12 

13 

' 

14 

, 

15 

16 

1.55 
1.55 
1.55 
1.50 
1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.49 
1.49 
1.48 
1.47 
1.47 

17 

320.0 
320.0 
300.0 
300.0 
300.0 
30O.O 
300.0 

18 

1 

19 

20 

21 

22 

-«•«•*  «•»•«« 

23 

24 

300.0 
300.0 
300.0 
296.0 
295.0 
282.1 

25 

26 

......  ««■■«* 

27 

0 

28 

29 

'  146.8   i         i-'fla 

30 

142.7 

1.99              284.6 

31 

280.0 

1              Total... 

814.971,620 

1 

1 

'" 1 

Daily  discharge  of  North  Fork  of  Yuba  River  at  Yuba  Power  Company's  dam 

during  the  rnonth  of  September,  1900. 


1 

1 

Day. 

1 

Gage  height. 

Mean 
hei^t. 

TM 

-  ..!.__ 

6  a.m. 

6  p.m. 

Ultsniutkrifv. 

1 

Feet. 
1.46 
1.46 
1.46 
1.46 
1.48 
J.  49 
1.50 
1.49 
1.49 
1.47 
1.47 
1.49 
1..W 
1.61 
1.55 
1.50 
1.49 
1.48 
1.47 
1.47 
1.46 
1.46 
1.44 
1.44 
1.45 
1.47 
1.47 
1.48 
1.47 
1.46 

Feet. 
1.46 
1.46 
1.45 
1.47 
1.49 
1.50 
1.50 
1.49 
1.48 
1.47 
1.48 
1.40 
1.56 
1.60 
.    1.50 
1.50 
1.49 
1.48 
1.47 
1.46 
1.46 
1.45 
1.48 
1.45 
1.46 
1.48 
1.48 
1.47 
1.47 
1.46 

Feet. 
1.46 
1.46 
1.46 
1.47 
1.49 
1.50 
1.50 
1.49 
1.49 
1.47 
1.48 
1.49 
1.53 
1.61 
1.53 
1.50 
1.49 
1.48 
1.47 
1.47 
1.46 
1.46 
1.44 
1.46 
1.46 
1.48 
1.48 
1.48 
1.47 

Sec.'ft.     !  Cfti.ft.  per  -ih  hrs. 
270    '           23. 328. 000 

2 

270 
270 
280 

23.328.000 

3 

23,328,000 

4 

24.192.000 

6 

2<)5              26.448,000 

6 

300               25.920.000 

7 

300 
295 

25,920,000 

8 .'. 

25.488,000 

9 

10 

295 
280 

25,488,000 
24.192.000 

11 

280    '           24!  192!  600 

12::::.::::::::::::::::.:::::.::.... 

205 
310 
355 
310 
300 
295 
280 

25,488.000 

13 

26,784,000 

14 

80,672,000 

15           

26,784,000 

16 

25,920,000 

17 

25,488.000 

18 

24,192,0U) 

19 

280 

24,192,000 

20 

280 
270 
266 
285 
266 
270 
280 
280 
280 
280 

24,192,000 

21 

23,328,000 

22 

22.982.400 

23 

22.896,000 

24 

22.982,400 

25 

23,338,000 

26 

24, 192.  (XX) 

27 

24,192,000 

28 

24,192.000 

29 

24.192.000 

30                                         

1 
............ i>->>.. ............ 

Total 

1 

1 

710,830,800 

52 


BECONNAISSANOE    OF    YUBA    RIVEB,  CALIFORNIA,  [so.  A 


Fio.  17.— Curve  showing  relation  of  gage 
height  to  discharge  of  North  Fork  uf 
Tuba  River. 


Fio.  18.— Carve  showing  relation  of 
gage  height  to  discharge  oif  Middle 
Fork  of  Ynba  River. 


Daily  discharge  of  North  Fork  of  Yuba  River  at  Yiiba  Power  Company's  dam 

during  the  month  of  October^  1900. 


Day. 

Gage  height 

Mean 
he^t. 

i~»i. 

s    ^  _                  ; 

1       N 

6  a.  m.    i   6  p.  m. 

1 

1 

1 

Feet. 
1.40 
1.48 
1.99 
1.93 
2.08 
2.12 

Feet. 
1.47 
1.50 
2.40 
2.16 
2.70 
1.95 

Feet. 
1.47 
1.49 
2.19 
2.04 
2.09 
2.08 
1.80 

1.00 

1.71 
1.08 
1.05 
1.07 
1.07 

Sec.-n. 

205 
720 
010 
1.060 
010 
470 
406 

Cu,.ft.per^hrt, 
dCl9S,<RK) 
25,488,000 
82,208,000 
58.704.000 
08.312.000 
68,704,000 
40.006,000 
34.fiB2.a0ft 

2 

3 

4 

5 

8 

7 

1.81    '       1.80 
1.70           1.08 

8 

0 

1.07 
1.04 
1.00 
1.04 
1.05 

1.75 
1.71 
1.70 
1.70 
1.08 

410    '            aK.4£4!Q6D    i 

10 

400 
850 
800 
890 

84,500,000 
&B.  802.000 
38,086,000 
83.096^000 

11 

12 

13 

Total 

550.416,000 

HANSON.] 


DISGHABGE   MEASUREMENTS. 
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Daily  discharge  of  Middle  Fork  of  Ytiba  River  at  Freeman's  bridge  during  the 

month  of  July,  1900, 


Day. 

Qage  height. 

Mean 
hel^t. 

Area  of 

Mean  ▼»- 

Discharge. 

6  a.  m. 

6  p.  m. 

section,  i     locity. 

1 

Feet. 

Feet. 

Feet. 
2.40 
2.38 
2.85 
2.33 
2.40 
2.53 
2.60 
2.58 
2.45 
2.43 
2.40 
2.40 
2.30 
2.30 
2.30 
2.35 
2.86 
2.88 
2.48 
2.36 
2.38 
2.38 
2.40 
2.38 
2.38 
2.35 
2.88 
2.35 
2.88 
2.28 
2.20 

^«^& 

Ft.  per  tec. 
3.08 

Sec.-ft. 
190.8 
189.0 
179.9 
184.9 
190.0 
•     150.0 
161.7 
150.0 
130.0 
125.0 
120.0 
120.0 
100.0 
100.0 
100.0 
110.0 
110.0 
108.0 
125.0 
110.0 
119.0 
119.0 
120.0 
119.0 
119.0 
110.0 
119.0 
110.0 
109.2 
90.0 
80.0 

Cu.ft.per  tU 

hrs. 

16,485,120 

15,329,600 

16,543,360 

15,975,360 

16,416,000 

12,960,000 

13,970,880 

12,960.000 

11,2H2,000 

10.810,000 

10,868,000 

10.368,000 

8,640,000 

8,640,000 

8.640,000 

9,504,000 

9,504,000 

9,381,200 

10,810.000 

9.504,000 

10,281,600 

10,281.600 

10,988,000 

10,281,600 

10,281,600 

9,504,000 

10.281,600 

9,504,000 

9,434,880 

7,776,000 

6,912,000 

2 

8 

69.9               3.00 
58.1               3.18 

4 

5 

6 

2.45 

2.60 
2.60 
2.45 
2.45 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.45 
2.35 
2.85 
2.35 
2.36 
2.40 
2.36 
2.35 
2.35 
2.35 
2.30 
2.25 
2.20 

2.60 
2.60 
2.45 
2.45 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.40 
2.40 
2.85 
2.40 
2.86 
2.40 
2.40 
2.45 
2.85 
2.40 
2.35 
2.40 
2.84 
2.35 
2.30 
2.20 

1 

T 

62.6 

2.58 

8 

9 

in 



"■ 

11 

-- 

12 

13 

1 

14  

15 

16 

17 

'  -    - 

18 

19 

20 

21 

22 

24 

25 

26 

27 

28 

29 

49.6 

2.20 

30 

31 

341,808,400 

Daily  discharge  of  Middle  Fork  of  Yuba  River  at  Freeman's  bridge  during  the 

month  of  August  ^  1900, 


Day. 

Gage  height. 

Mean 
hefg&. 

Area  of 
section. 

Mean  ve- 
locity. 

Discharge. 

6  a.m. 

6  p.m. 

1    

Feet. 
2.20 
2.15 
2.15 
2.15 
2.15 
2.16 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

Feet. 
2.20 
2.20 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.16 
2.16 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

Feet. 
2.20 
2.18 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.16 
2.16 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.16 
2.15 
2.15 
2.15 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

Sq.ft. 

Ft.peraec. 

Sec.-ft. 
80.0 
79.0 
75.0 
75.0 
75.0 
75.0 
76.0 
75.0 
76.0 
75.0 
79.3 
78.1 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
7.5.0 
75.0 
75.0 
70.0 
70.0 
70.0 
70.0 
70.0 
69.26 
67.7 

Ou.  ft.  peril, 
hrs. 

6.912,000 
6,825,000 
6,480,000 
6,480,000 
6,480,000 
6,480.000 
6,480,000 
6,480,000 
6,480,000 
6,480,000 
6,851,620 
6,747,840 
6,480,000 
6,480.000 
6,480,000 
6.480,000 
6,480,000 
6,480,000 
6,480.000 
6,480,000 
6,480,000 
6,480,000 
6,480,000 
6,048,000 
6,048,000 
6,048,000 
6.048,000 
6,048,000 
5,984,064 
6,849.280 

2 

8 

4 

:   6.::..:::::::: 

'       6 

1      7 

'      8 

9 

■    10 

u 

86.5 
86.7 

2.17 
2.18 

\2 

13 

U 

,     15 

■■■     16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

31.2 
80.5 

2.22 
2.22 

30 

31 

Total... 

192,680,304 

54 


RECONNAISSANCE    OF    YUBA   RIVER,  CALIFORNIA.  [so  « 


Daily  discharge  of  Middle  Fork  of  Yvba  River  at  Freeman's  bridge  during  the 

month  of  September,  1900, 


Day. 

Gage  height. 

Mean 

gage 

height. 

Area  of 
section. 

Mean  ve- 

TVi_ 

^\>.^ 

6  a.  m. 

6p.  m. 

locity.                       x^«»«»ii5«. 

1 

Feet. 
2.10 
2.10 
2.00 
2.00 
2.05 
2.05 
2.05 
2.05 
2.05 
2.00 
2.00 
2.05 
2.15 
2.30 
2.20 
2.20 
2.15 
2.15 
2.15 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

Feet 
2.10 
2.06 
2.00 
2.00 
2.05 
2.05 
2.10 
2.05 
2.05 
2.00 
2.05 
2.05 
2.35 
2.30 
2.20 
2.20 
2.15 
2.15 
2.15 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

Feet. 
2.10 
2.08 
2.00 
2.00 
2.05 
2.05 
2.08 
2.a5 
2.05 
2.00 
2.08 
2.05 

Sq.  ft 

Ft.p^sec. 

1 

Sec'ft 
70.0 
68.0 
60.0 
60.0 
65  0 

1 

Cu.ft.per*k   ' 
Are. 
6,048,000 

2 

6,875,010 

3 

6,184.000 

i 

5.l84.nuu 

6 

5.616.(0) 

6,6iaono 

5, 875,  ail 

6 

7 

68.0 
65.0 
65.0 
60.0 
62.0 
&5.0 
90.0 
100.0 
80.0 
80.0 
75.0 
64.2 
75.0 
70.0 

a).o 

60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
60.0 

8 

5,616,0W 

9 

5.616,ai0    1 

10 

5,184,000 

IJ 

5.356,810 

12 

5.616,0U0 

13 

2.25    1 
2.30    ! 
2.20    ; 
2.20    1 
2.15 
2.15 

7. 776.  (CO    , 

U 

16 

8. 640,  Out) 

6.912,011:) 

16 

6, 912,  OLD 

17 

6,480,000 

18 

27.4 

2.34 

5.546,890 

19 

2.15 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

6,48O,0U0 

20 

6.048,01)0 

21 

5.  i84.nno 

22 

6,184,0n0 

23 

5, 184.  QUO 

24 

5,184.000 

26 

5.l84.ono 

26 

5,184.010 

27 

5,184.00(1 

28 

5, 184,  at) 

29 

5.184,0(1) 

80 

5,184,001) 

Total... 

173.421,680 

Discharge  of  Middle  Fork  of  Yvba  River  at  Freeman's  bridge  during  the  month  of 

October^  1900, 


1. 
2. 
8. 
4. 
6. 

6. 

7 

8. 

9. 
10. 
11. 
12. 
13. 


Day. 


Total. 


Gage  height. 


6  a.  m. 


Feet 
2.00 
2.00 
2.46 
2.40 
8.00 
2.00 
2.45 
2.30 
20 
16 
.00 
2.00 
2.00 


2. 
2. 
2. 


6  p.  m. 


Feet 
2.00 
2.00 
2.45 
2.60 
8.00 
2.50 
2.86 
2.20 
2.20 
2.20 
2.15 
2.16 
2.00 


Mean 

gage 

height. 


Feet 
2.00 


2 
2. 
2. 


00 
45 
46 
3.00 
2.25 
2.40 
2.25 
20 
17 
08 
08 
00 


DiBcharge. 


Sec.'ft 

60 

00 

130 

130 

360 

SO 

120 

00 

80 

78 

68 

68 

60 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington^  D,  C,  March  1,  1901. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  giving  the 
results  of  operations  at  various  river  stations  in  1900,  and  request 
that  it  be  published  in  the  series  of  Water-Supply  and  Irrigation 
Pai)ers.  In  order  to  comply  with  the  law  limiting  those  papers  to 
100  pages,  it  is  necessary  to  divide  the  material.  This  has  been  done 
n  a  general  geographic  basis,  following  the  precedent  of  Water- 
Supply  Papers  Nos.  35  to  39,  relating  to  similar  operations  for  the 
year  1899.  In  the  first  paper  are  introductory  remarks  and  the  data 
relating  to  New  England  and  Eastern  streams.  The  succeeding 
papers  take  up  in  order  the  rivers  flowing  into  the  Atlantic  Ocean, 
then  those  tributary  to  the  Ohio  and  Mississippi  rivers,  the  Great 
Lakes,  Missouri  River  and  the  Rio  Grande,  the  interior  basin,  and 
finally  those  fiowing  into  the  Pacific  Ocean,  from  north  to  south,  end- 
ing with  the  data  relating  to  the  streams  of  southern  California. 

The  general  conclusions  drawn  from  the  operations  at  the  river 
stations,  together  with  diagrams,  maps,  and  illustrations,  are  being 
prepared  for  publication  in  Part  IV  of  the  Twenty-second  Annual 
Report,  this  being  designed  to  be  in  form  and  substance  similar  to 
preceding  volumes  known  as  Part  IV  of  the  Eighteenth  to  the  Twenty- 
first  Annual  Reports. 

Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge, 

Hon.  Charles  D.  Walcott, 

Director  United  States  Qeologioal  Survey. 


OPERATIONS  AT  RIVER  STATIONS,  1900. 

PART  I. 


INTRODUCTION. 

The  following  pages  contain  descriptions  of  the  river  stations  main- 
tained during  1900  by  the  United  States  Geological  Survey,  together 
with  details  of  the  average  daily  height  of  the  water  and  results  of 
measurements  of  discharge.  The  rating  tables  constructed  from  the 
latter  and  applicable  in  general  for  the  calendar  year  will  be  given 
at  the  end  of  the  publication.  Similar  facts  have  been  printed  for 
the  year  1899  in  Water-Supply  Papers  Nos.  35  to  39,  inclusive,  and 
a  general  description  of  the  method  of  publication  has  been  given  on 
page  9  of  Paper  No.  35. 

ACKNOW^LEDGM  ENTS. 

Most  of  the  measurements  herewith  presented  have  been  obtained 
through  local  hydrographei-s,  a  comparatively  small  part  of  the  work 
having  been  conducted  directly  from  the  office  of  the  Geological  Sur- 
vey at  Washington.  Acknowledgment  is  therefoi-e  due  to  these  per- 
sons individually.  Thanks  should  also  be  extended  to  individuals 
and  corporations  who  have  cooperated  in  various  ways — by  furnish- 
ing readings  of  the  heights  of  water,  by  assisting  in  transportation, 
etc.  The  following  list  gives  the  names  of  the  resident  hydrogra- 
phers  or  persons  cooperating,  arranged  alphabetically  by  States: 

California:  J.  B.  Lippincott,  civil  engineer,  Los  Angeles. 

Colorado:  A.  L.  Fellows,  civil  engineer,  Denver. 

Georgia  and  Alabama:  Prof.  B.  M.  Hall,  civil  engineer,  Atlanta;  Prof.  W.  S. 
Teates,  State  geologist,  Atlanta;  and  Prof.  Eugene  A.  Smith,  State  geologist, 

Tnscaloosa. 

Idaho:  N.  S.  Dils,  civil  engineer.  CaldweU. 

Kansas:  W.  G.  Russell,  Russell. 

Maryland:  Prof.  W.  B.  Clark,  State  geologist,  Baltimore. 

Montana:  Prof.  Samuel  Fortier,  Bozeman;  Prof.  Fred  D.  Smith,  Missoula. 

Nebraska:  Prof.  O.  V.  P.  Stout,  State  University,  Lincoln,  assisted  by  Adna 
Dobson  and  Glenn  E.  Smith. 

Nevada:  L.  H.  Taylor,  civil  engineer,  Golconda. 

New  Mexico:  P.  E.  Harroun,  civil  engineer,  Albuquerque. 

North  and  South  Carolina:  Prof.  J.  A.  Holmes,  State  geologist,  Chapel  Hill, 
North  Carolina,  assisted  by  E.  W.  Myers. 

Texas:  Prof.  Thomas  U.  Taylor,  State  University 

Utah:  Prof.  George  L.  Swendsen,  Logan. 
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Virginia  and  West  Virginia:  Prof.  D.  C.  Humphreys,  Washington  and  Lee  Uni- 
versity, Lexington,  Virginia. 

Washington:  Sydney  Arnold,  civil  engineer,  North  Yakima;  WfUiam  J.  Waie, 
civil  engineer,  Port  Angeles. 

Wyoming:  A.  J.  Parshall,  civil  engineer,  Cheyenne. 

In  a  number  of  instances  related  data  have  been  inserted,  snch  as 
results  of  computation  of  daily  flow  at  milldams  made  by  local 
engineers  and  data  of  river  heights  obtained  from  the  United  States 
Weather  Bureau  or  the  Corps  of  Engineers,  United  States  Army. 
Reference  to  these  facts,  mainly  unpublished,  has  been  or  will  be 
made  in  other  publications  of  this  Survey,  and  they  are  therefore 
placed  in  consecutive  order  for  convenience  of  reference. 

The  methods  of  measuring  the  discharge  of  various  streams  and  of 
preparing  the  computations  have  been  described  on  pages  18  to  30  of 
the  Nineteenth  Annual  Report,  Part  IV,  and  on  pages  20  to  22  of  the 
Twentieth  Annual  Report,  Part  IV. 

METHOD    OF  USING   STREAM    GAGINGS    FOR  THE    COMPUTATION 

OF  WATER  POWER.1 

One  of  the  objects  of  the  gaglngs  which  are  made  by  the  United 
States  Geological  Survey  is  to  assist  engineers  in  the  estimation  of 
available  power  on  the  larger  streams  of  the  United  States.  In  an 
article  by  John  W.  Hays  in  the  Manufacturers  Record  of  Januar}' 
10,  1901,  there  is  given  a  description  of  the  use  which  he  has  made  of 
the  daily  records  published  by  the  Survey.  The  suggestions  made  by 
Mr.  Hays  are  of  such  general  interest  that  they  are  given  herewith. 

Speaking  generally,  to  determine  the  power  available  on  any  stream 
it  is  necessary  to  know  the  fall  and  the  flow.  The  fall  can  easily  be 
determined  by  an  engineer,  but  the  flow  of  many  of  our  streams  is 
still  very  uncertain.  Usually,  an  engineer,  after  obtaining  all  avail- 
able data  of  the  stream  being  studied  and  also  of  the  neighboring 
streams,  must  rely  largely  upon  his  judgment  to  determine  maximum 
and  minimum  flows  and  the  power  that  can  economically  be  developed. 
Often  the  only  basis  of  estimate  is  the  knowledge  of  what  some  other 
stream  has  been  doing  within  a  limited  period,  or  a  comparison  with 
some  power  on  the  same  stream.  When  it  is  remembered  that  during 
extreme  low  water  a  variation  in  level  of  only  a  few  inches  may  affect 
the  quantity  of  water  passing  as  much  as  100  per  cent,  it  will  be  seen  how 
misleading  may  be  a  single  gage  or  float  measurement,  even  when 
reinforced  by  the  assurance  of  casual  observers  that  "the  river  is  as 
low  as  it  ever  gets."  Yet  it  is  upon  such  data  that  many  estimates  of 
prospective  power  have  been  made,  mills  built,  and  machinery 
installed,  only  to  have  the  first  dry  season  show  conclusively  that  the 
estimates  were  greatly  in  error.  Then  has  followed  the  raising  of  the 
dam  for  storage,  which  has  rarely  met  expectations,  and,  after  many 
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shtitHlowns,  the  inevitable  steam  auxiliary  comes,  and  with  it  regret, 
on  the  part  of  the  owners,  that  hydraulic  development  was  attempted. 
The  method  described  by  Mr.  Hays  in  the  article  referred  to  has 
been  used  in  computations  made  from  time  to  time  of  the  available 
power  of  the  Potomac  and  other  streams,  and  found  to  be  reliable  and 
convenient.  Mr.  Hays  illustrates  the  method  by  quoting  the  record 
of  Deep  River,  in  North  Carolina,  as  published  by  the  Geological  Sur- 
vey. The  various  stages  of  that  river  for  1899,  as  read  on  the  gage 
of  the  Survey,  are  given  in  the  following  table: 


DaUy  gage  height  ^  in  feet,  of  Deep  River  at  Moncure,  North  Carolina,  for  1899, 


Day. 


1. 
2. 
8. 
4. 

6. 
6. 

7- 
8- 
9. 

10. 

11  _ 

12. 

13. 

U- 

15. 

16. 

17. 

18. 

19- 

30. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


Jan. 


2.03 
8.21 
3.41 
3.27 
2.7» 
2.47 

10.27 
9.13 
7.71 
5.58 
4.99 
5.83 
6.07 
9.79 

13.07 
8.61 
7.91 
6.98 
5.99 
4.73 
8.15 
3.36 
3.06 
3.17 
3.25 
3.27 
8.54 
3.19 
2.55 
2.21 
3.23 


Feb. 


4.68 

6.00 

6.78 

7.06 

16.40 

20.48 

23.21 

25.92 

20.90 

18.70 

12.28 

7.19 

6.98 

6.06 

5.10 

6.76 

16. 2U 

21.26 

19.34 

15.80 

9.92 

9.05 

8.22 

7.92 

6.24 

6.92 

12.94 

18.22 


Mar.    Apr.    May. 


6.91 

6.25 

6.39 

13.25 

14.48 

15.77 

15.67 

13.62 

10.61 

7.39 

5.05 

4.41 

4.67 

3.91 

21.19 

22.51 

16.21 

9.99 

14.69 

15.31 

9.02 

7.16 

5.87 

5.43 

4.91 

4.41 

4.14 

7.0? 

11.66 

10.31 

8.44 


7.12 


70 
52 
16 


8.64 
6.18 
6.40 
17.76 
15.04 
8.28 
6.16 
5.40 
4.86 
4.48 
3.76 
3.98 
4.10 
4.04 
8.54 
3.32 
3.46 
2.97 
3.10 
2.96 
2.97 
5.60 
5.54 
4.46 
3.50 
3.04 


2.99 
2.85 
2.56 
2.51 
2.29 
2.25 
2.47 
8.85 
6.09 
4.43 
3.85 
5.89 
7.99 
9.28 
5.99 
46 
97 
3.75 
3.69 
3.05 
2.89 
2.67 
3.25 
2.85 
2.75 
2.51 
2.25 
2.02 
1.91 
2.54 
2.96 


4. 

3. 


Jane. 


2.84 
2.61 
3.45 
3.13 
2.49 
1.95 
1.66 
1.49 
1.68 
2.55 
3.23 
4.72 
3.78 
8.40 
2.56 
2.42 
2.40 
1.68 
1.58 
1.49 
1.50 
1.47 
1.77 
1.37 
1.55 
1.57 
1.71 
2.15 
1.68 
1.60 


July. 

Aug. 
4.54 

Sept. 
0.85 

1.52 

1.36 

4.36 

.79 

1.34 

3.46 

.75 

1.18 

3.08 

.91 

4.20 

1.46 

.73 

2.42 

1.20*    .71 

2.72 

4.54 

.89 

2.11 

4.11 

1.19 

2.19 

4.15 

1.10 

2.10 

8.37 

1.82 

1.79 

1.39 

2.10 

1.67 

1.41  ;  2.55  1 

1.34 

1.25 

2.04 

1.19 

1.21 

4.86 

1.09 

1.29 

1.96 

1.28 

1.31 

1.04 

.90 

1.17 

.98 

1.14 

1.09 

.84 

1.11 

1.25 

.87 

1.02 

.88 

1.71 

1.02 

.74 

1.99 

1.02 

.78 

1.49 

1.19 

.90 

1.17 

1.11 

.95 

.87 

1.52 

1.06 

2.34 

1.67 

.84 

1.53 

5.19 

1.00 

1.35 

4.35 

.96 

1.09 

3.77 

1.20 

1.17 

2.11 

1.22 

1.04 

6.28 

.89 

Oct. 


0.83 

.78 

.88 

.79 

.87 

7.20 

6.49 

6.70 

7.11 

3.96 

3.19 

1.97 

1.72 

1.59 

1.31 

1.17 

1.27 

1.04 

1.06 

1.12 

.97 

.90 

.87 

.85 

.91 

.92 

1.01 

.98 

.94 

.89 

1.13 


12.74 
5.86 
4.23 
8.48 
3.04 
2.74 
2.24 
1.91 
1.86 
.84 
.89 
1.09 
1.02 
1.09 
.96 
.96 
1.08 
1.26 
1.14 
1.02 
.98 
1.10 
1.05 
1.04 
1.00 
1.82 
1.92 
1.83 
3.78 
2.84 


X^cC« 


2.77 
1.86 
1.83 
2.19 
2.16 
1.49 
1.27 
1.19 
1.11 
1.19 
4.08 
5.96 
4.69 
3.39 
2.35 
1.89 
1.34 
1.47 
1.39 

.68 
1.27 
1.18 
1.07 
1.19 
1.18 
1  11 
1.07 

.95 
1.03 

.97 
1.03 


As  will  be  seen  from  an  inspection  of  the  foregoing  table,  the  rec- 
ords kept  by  the  Geological  Survey  show  the  stage  of  water  of  each 
stream  measured  on  each  da}-  of  the  year,  and  the  rating  table,  which 
is  computed  from  numerous  measurements,  shows  the  quantity  of 
water  passing  at  each  reading  of  the  gage.  These  data  may  most  con- 
veniently be  applied  by  developing  a  table  as  follows: 

In  the  first  column  arrange  in  order  all  graduations  of  the  gage  rod 
from  the  lowest  to  the  highest.  In  the  succeeding  columns  write  oppo- 
site each  gage  height  the  following:  (a)  The  number  of  days  during 
the  year  on  which  the  gage  read  that  particular  height;  (6)  the  equiv- 
alent volume  in  second-feet;  (c)  the  effective  head;  (d)  the  equivalent 
gross  horsepower;  (e)  the  number  of  days  during  the  year  on  which 
power  would  have  been  lessened  by  low  water  and  by  high  water, 
respectively.  By  way  of  illustration:  The  gage  read  1.6  feet  on  17 
days,  equivalent  to  a  volume  of  380  second-feet,  an  effective  head  of 
46.4  feet,  and  a  gross  horsepower  of  2,004,  which  would  be  lessened 
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on  121  days  by  deficient  water  and  on  227  days  hy  high  water  in  Ihe 
tailrace.  If  the  gage  readings  at  Moncnre  station  from  the  records  of 
the  year  1899  l^e  thus  assembled  and  the  variation  of  the  effective 
head  be  noted,  there  results  the  following  table: 

Table  flouring  method  of  determining  the  daily  available  hanepower  of  a  ttrtmn 
jTQm  Tecorda  kept  by  the  United  States  Oeological  Survey,  vging  the  gage  height! 
of  Deep  River  it  Mimcure,  North  Carolina,  for  the  year  1S99  as  a  btan». 


E^ 

'i^ 

».. 

S£: 

•5SS" 

STdE'^" 

& 

& 

TolaL 

Low 

m^ 

Tool 

height-. 

WBtOT. 

"■■a 

Prret 

^0 

ss 

330 

ifi 

88.0 

aii.o 

as 

1 

sffi 

t! 

.IS 

k 

s 

m. 

An  inspection  of  the  foregoing  table  will  show  to  what  extent  any 
power  plant  which  might  have  been  installed  at  this  placf  woiilii 
have  been  affected  by  variations  in  the  flow  of  the  river  during  the 
year  1899,  the  number  of  days  on  which  the  power  would  have  been 
diminished  by  high  and  low  water,  respectively,  and  the  exact  amotml 
of  such  diminution.  For  instance,  the  power  would  have  varie<l 
from  1,128  horsepower  gross  at  extreme  low  water  to  61,640  horse- 
power gross  at  extreme  high  water.  There  would  have  been  but  ddv 
day  on  which  1,232  horsepower  gross  could  not  have  been  realized, 
about  two  hundred  days  on  which  5,000  horsepower  pross  could  not 
have  been  realized,  and  two  hundred  and  fifty  days  on  which  10,000 
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horsepower  gross  could  not  have  been  realized.  All  of  these  figures 
are  for  continuous  power,  night  and  day.  Should  it  be  desired  to 
concentrate  flow  into  day  service  by  night  storage,  which  is  practica- 
ble at  Moncure,  the  installation  for  horsepower  should  be  doubled. 
For  instance,  10,000  horsepower  gross  would  have  been  realized  on  one 
hundred  days,  and  the  power  would  have  fallen  below  that  amount 
on  two  hundred  days. 

It  should  be  noted  that  the  foregoing  figures  are  based  on  a  head 
of  47  feet  normal,  with  which  head  little  inconvenience  would  be 
experienced  from  high  water,  the  maximum  fiood  for  the  year  being 
about  25  feet,  and  on  only  nine  days  did  the  water  in  the  tailrace  rise 
above  15  feet  and  on  thirty  days  above  10  feet.  But  the  physical 
conditions  indicate  a  development  of  the  power  under  two  separate 
heads,  which  would  be  affected  by  flood  water  to  a  somewhat  greater 
degree,  as  will  be  seen  from  an  inspection  of  the  table.  Having 
accurate  knowledge  of  the  periods  of  decreased  head  and  partial  gate, 
it  is  possible  to  determine  the  capacity  of  the  wheels  for  any  required 
installation. 

Should  steam  auxiliary  be  required,  the  table  affords  the  data 
necessary  to  determine  the  exact  proportion  of  steam  power.  For 
example,  suppose  it  is  desired  to  install  a  plant  of  3,600  horsepower 
for  night  and  day  service,  during  what  proportion  of  the  year  will 
steam  power  be  required,  and  what  proportion  of  the  total  power 
desired  should  be  steam  power?  The  following  table  shows  the  way 
of  arriving  at  the  answer.  From  the  table  on  page  12  it  will  be  seen 
that  during  one  day  of  the  year  the  available  water  power  is  1,128 
horsepower;  so  that  to  insure  3,600  horsepower  every  day  in  the 
year  it  wiU  be  necessary  to  install  a  steam  plant  of  2,472  horse*power. 
During  twenty-seven  days  of  the  year  the  available  water  power  is 
1,232  horsepower,  and  on  those  days  2,268  hoi-sepower  of  steam  will 
be  required,  and  so  on,  as  shown  in  the  table. 

Table  shovnng  number  of  days  and  amount  of  steam  power  required  during  the 
year  1899  to  develop  daily  S,GOO  liorsepower  on  Deep  River  at  Moncure^  North 
Carolina. 


Number  of  days 

on  which  water 

lK)wer  of  the 
v'ariouB  amounts 

Water  power 
available. 

Steam  power 
required. 

was  available. 

• 

Horaepower. 

Boraepoiver. 

1 

1,128 

2,472 

27 

1,232 

2,268 

48 

1,385 

2,265 

27 

1,544 

2,056 

18 

1,724 

1,876 

17 

1,995 

1,665 

9 

2,260 

1,340 

18 

2,530 

1,070 

8 

2,839 

761 

9 

3,192 

408 

9 

3,600 

0 
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Summarizing,  the  total  horsepower  days  (3,600x365)  are  1,314,000; 
the  total  steam  horsepower  days  are  325,743,  or  nearly  25  per  cent, 
and  steam  power  would  have  been  required  on  177  days  of  the  year 
1899. 

.  For  conciseness,  the  factors  of  wheel  efficiency  and  partial  gate  are 
not  considered  in  this  estimate.  A  fair  rating  of  the  power  of  Deep 
River  at  this  place  would  be  1,500  horsepower  continuous,  or  3,00(> 
horsepower  for  day  flow  only,  on  a  basis  of  thirty  days'  deficiency  hy 
reason  of  the  dry  season  and  thirty  days'  deficiency  when  the  head 
would  be  decreased  10  per  cent  or  more  by  fiood  water  in  the  tailrace. 

In  the  article  referred  to  Mr.  Hays  also  shows,  basing  his  computa- 
tions upon  the  Geological  Survey  records,  that  while  in  ordinary  sea- 
sons, from  the  run-off  of  a  drainage  area  of  12  square  miles  on  Broad 
River  we  may  exi)ect  1  horsepower  per  foot  of  fall  of  the  stream,  it 
will  require  the  run-off  from  a  drainage  area  of  60  square  miles  to  fur- 
nish 1  horsepower  per  foot  of  fall  on  Neuse  River,  45  square  miles  on 
Cape  Fear,  Tar,  Deep,  and  Haw  rivers,  30  square  miles  on  Roanoke 
River,  20  square  miles  on  Yadkin  River,  15  square  miles  on  lower 
Catawba  River,  and  12  square  miles  on  upper  Catawba  and  French 
Broad  rivers. 

As  the  number  of  stations  on  any  one  stream  is  necessarily  limited, 
it  becomes  desirable  to  apply  the  data  obtained  at  one  point  to  other 
points  on  the  same  stream.  This  may  be  done  by  determining  the 
relative  drainage  areas.  It  should  be  noted,  however,  that  the  effi- 
ciency of  a  stream  increases  as  the  headwaters  are  approached.  Dur- 
ing the  dry  season  of  1897  Yadkin  River  had  nearly  33^  i)er  cent 
greater  efficiency  at  Salisbury  than  at  Norwood,  and  the  Catawba  had 
nearly  20  per  cent  greater  efficiency  at  the  Catawba  station,  near 
Hickory,  North  Carolina,  than  it  had  at  Rockhill,  South  Carolina. 
Neuse  River  has  the  lowest  efficiency  of  any  stream  in  North  Caro- 
lina, it.s  drainage  ai'ea  lying  wholly  in  the  eastern  section  of  the  State, 
where  the  geological  formation  is  not  conducive  to  perennial  springs, 
and  during  the  dry  season  of  1897  the  run-off  for  that  river  at  Selma, 
North  Carolina,  was  only  15  per  cent  of  that  of  Broad  River  at  Gaff- 
ney,  South  Carolina,  for  the  same  drainage  area.  The  drainage  area 
of  the  latter  stream  lies  wholly  in  the  mountains;  that  of  the  former 
stream  lies  in  the  lowlands.  In  the  year  1897  the  maximum  flood  of 
the  Neuse  was  105  times  its  minimum  flow,  while  the  maximum  flood 
of  the  Broad  was  only  24  times  its  minimum  flow.  These  two  streams 
are  excellent  illustrations  of  the  effect  of  physical  conditions  on  the 
efficiency  of  flow,  and  the  physical  conditions  are  almost  invariably 
such  as  to  give  gi'eater  efficiency  as  the  headwaters  are  approached. 

A  knowledge  of  the  greatest  flood  volume  of  a  stream  is  most  essen- 
tial in  the  construction  of  hydraulic  works.  Experience  has  shown 
that  the  failure  of  dams  may  in  nearly  every  case  be  attributed  to 
lack  of  sufficient  knowledge  of  the  floods  which  they  will  be  required 
to  withstand.     In  this  respect  also  streams  are  very  dissimilar.     For 
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instance:  The  maximum  flood  of  the  Roanoke  in  1897  (gage  height 
of  28  feet  at  Neal,  North  Carolina)  was  about  7  second-feet  per  square 
mile.  In  the  same  j^ear  Tar  River  gave  a  flood  dischai^e  of  6  second- 
feet,  Neuse  River  a  flood  discharge  of  7  second-feet,  Cape  Fear  River 
8  second-feet,  Yadkin  River  10  second-feet,  and  Broad  River  13 
second-feet,  while  the  Catawba  developed  a  flood  of  26  second-feet 
to  the  isquare  mile.  The  greatest  flood  ever  recorded  on  the  Cape 
Fear  at  Fayetteville,  North  Carolina,  was  a  gage  height  of  58  feet 
above  low  water  and  a  discharge  of  only  13  second-feet  per  square 
mile,  or  half  that  of  the  Catawba  in  1897. 

MBASURBMBNT  OP  SEDIMENT.' 

The  following  method  has  been  employed  for  measuring  the  amount 
of  sediment  held  in  suspension  by  streams  in  Arizona:  By  means  of 
a  small  bottle  attached  to  a  hollow  rod,  samples  were  taken  from  vari- 
ous parts  of  the  stream  and  collected  in  a  bucket.  After  thorough 
mixing,  the  water  in  the  bucket  represented  as  nearly  as  possible  the 
average  condition  of  the  water  flowing  in  the  stream.  A  measured 
quantity  of  this  water,  usually  100  cubic  centimeters,  was  placed  in 
a  tubular  graduate  of  glass  divided  into-  cubic  centimeters.  Ordi- 
narily this  was  allowed  twenty-four  hours  to  settle,  but  if  longer  time 
was  required  for  thorough  settlement,  it  was  allowed.  The  clear  liquid 
was  then  decanted  and  rejected,  leaving  a  small  quantity  of  water 
w^ith  the  sediment  in  the  bottom.  If  the  amount  of  sediment  was 
inconsiderable,  another  sample  was  added,  taken  on  the  day  following 
that  on  which  the  first  sample  was  procured,  and  after  settlement  it 
was  decanted  in  like  manner,  the  process  being  i*epeated  from  day  to 
day  until  a  sufficient  quantity  of  sediment  had  accumulated  to  make 
a  reading  on  the  scale  of  the  glass  graduate.  Under  ordinary  condi- 
tions, when  the  stream  was  not  in  flood,  it  sometimes  required  thirty 
days  to  accumulate  samples  which  would  show  2  or  3  cubic  centime- 
ters of  sediment,  but  at  times  of  flood  a  large  quantity  of  sediment  was 
sometimes  obtained  from  a  single  sample  of  100  cubic  centimeters,  in 
which  case  the  quantity  of  sediment  was  ascertained  by  reading,  and 
a  new  determination  was  started  on  the  following  day.  The  total 
quantity  of  sediment  obtained  from  the  samples  or  series  of  samples 
was  divided  by  the  quantity  of  water  used  in  the  accumulation,  and 
a  ratio  was  thus  established  which  was  applied  to  the  total  volume 
flowing  in  the  river. 

It  was  found  that  the  mud  obtained  from  these  samples  was  of  a 
very  thin  consistency  and  contracted  greatly  upon  being  dried.  To 
determine  the  amount  of  this  contraction  for  Gila  River  water  a  num- 
ber of  laboratory  tests  were  made.  The  residue  was  dried  at  lOO''  C, 
and  the  dried  material  was  weighed,  its  specific  gravity  also  being 
determined.     As  might  be  expected,  the  results  of  these  tests  were  by 
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no  means^  uniform,  but  the  mean  of  the  tests  made  indicated  about 
one  part  of  dry  matter  to  five  parts  of  mud,  which  factor  has  been 
used  in  reducing  observations  of  this  kind.  In  other  words,  it  is 
assumed  that  after  complete  settlement  the  mud  in  the  bottom  of  the 
water  sample  consists  of  one  part  of  solid  matter  and  four  parts  of 
water. 

The  foregoing  method  requires  very  little  skill  and  time,  and  the 
apparatus  used  is  extremely  simple.  The  error  of  the  determinations 
lies  mainly  in  the  assumption  of  the  factor  used  in  reducing  the  mud 
to  solid  matter,  and  it  is  probably  considerable. 

Another  method  which  is  now  undergoing  test  is  as  follows:  Sam- 
ples of  waticr  are  obtained  in  the  manner  already  described,  and  a 
measured  quantity  is  poured  upon  an  ordinary  filter  paper  in  a  fun- 
nel and  is  filtered  as  in  the  chemical  laboratory.  If  the  residue  is 
inconsiderable  the  process  is  repeated  until  a  measurable  quantity  of 
sediment  is  obtained,  which  is  dried  and  afterwards  is  weighed.  The 
reduction  is  made  in  the  same  way  as  in  the  first  method,  that  is,  the 
quantity  of  water  used  is  to  the  sediment  obtained  as  the  quantity 
of  water  flowing  in  the  stream  is  to  .the  quantity  of  silt  carried  in 
suspension. 

This  method,  to  be  used  with  any  considerable  degree  of  accuracy, 
requires  the  use  of  a  pair  of  delicate  scales.  The  error  of  the  deter- 
mination consists  partly  in  the  errors  of  observations,  which  would  be 
greater  than  by  the  first  method,  unless  great  skill  is  employed  in  the 
filtering  and  weighing  of  the  sediment,  but  chiefly  in  determining  or 
assuming  the  specific  gravity  of  the  silt  obtained,  as  it  is  volume  and 
not  weight  that  ordinarily  is  required.  It  is  believed,  however,  that 
where  the  necessary  instruments  and  skill  are  available  it  is  much 
more  accurate  than  the  first  method. 

The  method  of  estimating  the  turbidity  by  measurement  of  opacity 
is  inaccurate  in  any  country  where  the  water  is  stained  to  any  con- 
siderable degree  by  leaves  and  roots  with  which  it  comes  in  contact. 
This  is  clearly  shown  by  the  writer's  experience  on  sluggish  rivers 
in  Nicaragua,  notably  the  San  Francisco  and  Deseado  rivers.  On 
the  latter  stream  it  was  sometimes  desired  to  gage  the  river  in  the 
absence  of  the  electric  recording  apparatus,  but  attempts  to  do  this 
showed  that  it  was  impossible  to  observe  the  revolutions  of  the  meter 
more  than  6  inches  beneath  the  surface  of  the  stream,  owing  to  the 
opacity  of  the  water.  At  the  same  time  sediment  samples  were  settled 
and  accumulated  for  sixty  days  without  yielding  any  measurable 
quantity  of  solid  matter,  showing  that  the  water  was  free  from  sedi- 
ment, the  dense  opacity  being  caused  entirely  by  vegetable  stains  pro- 
duced by  the  leaves,  roots,  and  bark  of  the  dense  tropical  vegetation 
with  which  it  came  in  contact.  However,  vegetable  stains  and  sedi- 
ment are  seldom  found  in  considerable  degree  in  the  same  wat^r,  for 
only  sluggish  waters  remain  long  enough  in  contact  with  vegetation 
to  become  colored,  and  these  carry  but  little  sediment,  so  that  in  most 
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cases  opapcity  observations  can  profitably  be  used  by  carefully  noting 
the  true  cause  of  the  opacity. 

Mr.  Allen  Hazen,  member  American  Society  of  Civil  Engineers, 
after  reading  the  foregoing  description,  made  the  following  com- 
ments: 

Of  course  the  aggregate  amonnt  of  sediment  carried  by  a  stream,  considered  with 
reference  to  its  tendency  to  fill  a  reservoir,  is  very  different  from  the  average 
amount  of  sediment  carried  by  the  water  from  a  waterworks  standpoint.  In  the 
first  case,  the  mazimnm  amonnt  of  sediment  occurs,  generally  sx>eaking,  at  times 
of  maximum  discharge,  and,  for  most  streams  with  which  I  am  familiar,  so  large 
a  percentage  of  the  sediment  as  to  be  practically  the  whole  of  it  would  be  carried 
by  the  water  in  floods  occupying  but  a  few  days  in  each  year.  The  average 
amonnt  of  sediment  in  the  water  taken  for  waterworks  purposes,  on  the  other 
hand,  represents  the  average  of  the  amounts  in  substantially  equal  volumes  of 
water  taken  from  the  stream  each  day  in  the  year.  In  comparing  different  streams 
with  one  another,  I  think  it  would  make  a  great  difference  which  method  was  used. 

The  statements  regarding  the  colors  of  the  waters  in  Nicaragua  are  of  great 
interest.  Of  course  color  is  an  element  of  disturbance  in  any  optical  method  of 
measuring  turbidity.  Computations  and  experiments  conducted  by  Mr.  Whipple 
and  myself  show,  however,  that  water  with  a  color  which  will  be  tolerated  as  a 
inanicipal  supply,  or  which  is  capable  of  being  decolorized  at  a  reasonable  cost, 
is  not  so  highly  colored  as  to  affect  the  turbidity  reading  to  a  notable  extent.  The 
most  deeply  colored  waters  with  which  I  have  had  experience  have  not  much 
exceeded  2. 00  on  the  platinum  scale.  The  waters  from  Nicaragua  referred  to  must 
have  had  colors  many  times  deeper  than  this,  and  it  would  be  very  interesting  to 
have  accurate  determinations  of  their  colors  made. 

Mr.  George  W.  Fuller,  associate  member  of  the  American  Society  of 
Civil  Engineers,  made  the  following  comments  upon  the  methods 
described: . 

The  determination  of  turbidity  is  a  very  important  matter  in  connection  with 
various  water  problems.  Various  methods  are  practiced  for  its  determination, 
and  thus  far  no  standard  method  obtains.  Apparently  the  **  standard  silica  solu- 
tion "  is  going  to  accomplish  a  great  deal  in  this  direction.  Careful  studies  of  this 
method  are  now  being  made  at  New  Orleans,  and  the  results  are  very  promising. 
Messrs.  Whipple  and  Jackson  first  described  the  standard  silica  solution  method 
in  the  **  Technology  Quarterly,"  VoL  XII,  No.  4. 

The  method  used  by  Mr.  Davis  in  Arizona  was  tried  by  myself  at  Louisville  for 
several  months,  side  by  side  with  gravimetric  determinations.  It  was  found  that 
tiie  individual  results  were  quite  variable,  although  for  the  purpose  for  which  he 
-osed  them  the  method  is  probably  much  more  satisfactory  than  under  the  condi- 
tions to  which  it  was  put  in  getting  an  accurate  record  of  the  rapidly  changing 
Ohio  River  water. 

The  second  method  mentioned  by  Mr.  Davis  strikes  me  as  a  more  satisfactory 
one,  when  reasonable  facilities  are  available  for  carrying  it  out.  It  does  not 
api>ear  to' me  that  it  is  so  much  the  specific  gravity  of  the  sediment  as  the  per- 
centage of  voids  as  actually  found  in  the  bottom  of  the  reservoirs,  that  would 
luaterially  affect  the  correctness  of  the  estimates  as  to  volume.  This  method  has 
been  used  for  a  great  many  years  on  the  Missouri  and  Mississippi  rivers,  and  is 
described  in  the  European  text-books  on  water  analysis.  With  coarse-grained  tur- 
bidity it  seems  to  work  very  well,  and,  all  things  considered,  I  presume  that  as  a 
lalK)ratory  method  it  is  entitled  to  high  rating. 

l^ith  the  Ohio  River  water,  which  contains  a  considerable  percentage  of  very 
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fine  clay,  this  method  was  not  found  to  be  practicable,  as  the  clay  would 
through  a  dozen  or  more  thicknesses  of  the  finest  filter  paper,  to  say  nothing  of 
the  length  of  time  necessary  for  filtering  the  clay.  On  that  work  it  was  the  prac- 
tice to  determine  the  total  residue  on  evaporation  of  the  water  as  collected,  and 
then  of  the  filtrate  after  passing  the  water  through  a  Pasteur  filter.  The  sus- 
pended matter  could  then  be  obtained  by  the  difference,  and  the  resnltB  were 
quite  satisfactory  when  the  amount  of  sediment  was  not  too  low.  There  is  a  slight 
error  in  this  procedure,  due  to  the  Pasteur  filter  sometimes  absorbing  and  some- 
times giving  off  dissolved  substances.  Taking  everything  into  consideration,  tbe 
standard  silica  solution  seems  to  be  the  more  practicable  procedure  at  present 
for  routine  work,  especially  when  used  with  a  diaphanometer  (see  Technology 
Quarterly,  Vol.  XII,  No.  2) .  At  New  Orleans  this  method  is  being  depended  upon 
very  largely,  although  the  weight  of  suspended  matter  is  being  determined  by  the 
same  method  as  at  Cincinnati,  as  frequently  as  time  allows,  in  order  to  establish 
the  ratio  between  the  silica  turbidity  and  the  weight  of  suspended  matter. 

There  are,  of  course,  many  instances  where  turbidity  and  dissolved  color  are  both 
present  in  the  same  water.  As  a  general  proposition,  however,  this  does  not  seem  to 
be  true,  as  the  very  highly  turbid  waters  below  the  glacial  drift  formation  do  not 
generally  contain  much  color.  Strictly  sx^eaking,  however,  such  a  statement 
would  apply  only  to  large  rivers,  and  not  to  very  small  streams,  which  are  infln- 
enced  by  swamps.  On  the  other  hand,  those  streams  for  the  most  part  on  the 
drift  or  in  the  neighborhood  of  swamps,  and  which  are  highly  colored,  do  not,  as 
a  rule,  contain  sufficient  turbidity  to  justify  any  elaborate  records  of  tbe  sos- 
pended  matter. 

In  future  years  the  amount  of  dissolved  vegetable  matter  giving  color  to  a 
water  is  bound  to  be  a  factor.  Information  upon  this  subject  is  very  desirable. 
As  suggested  by  Mr.  Hazen,  it  is  likely  that  this  matter  cotdd  beet  be  handled  in 
the  field  by  a  graduated  color  scale  on  glass,  the  different  tints  or  depths  of  oolorto 
be  obtained  progressively  by  the  use  of  different  shades  of  color,  or  different  thick- 
nesses of  glass,  as  found  most  expedient. 

TESTS    TO    DETERMINE    THE   ACCURACY  OF    DISCHARGE    BAEAS- 
UREMENTS  OF  NEW  YORK  STATE  CANALS  AND  FEEDERS.' 

During  the  summer  of  1900  the  Stat«  of  New  York  undertook  inves- 
tigations to  determine  the  flow,  seepage,  and  evaporation  of  its  canals. 
The  work  was  under  the  immediate  supervision  of  Mr.  E.  Kuichling, 
member  American  Society  of  Civil  Engineers.  Careful  measurements 
were  made  by  means  of  floats  and  current  meters  at  various  pointaon 
the  Erie  Canal  and  its  branches.  After  completing  the  work  it  was 
thought  wise  to  investigate  the  methods  and  determine  the  accuracy 
of  the  measurements  taken.  These  special  experiments  were  made 
under  the  direction  of  Prof.  G.  S.  Williams,  in  charge  of  the  hydraulic 
laboratory  at  Cornell  University,  assisted  by  the  writer,  by  Mr.  W.  P. 
Boright,  civil  engineer,  and  by  membera  of  the  senior  class  in  experi- 
mental hydraulics  at  the  university.  Float  and  meter  measuremenlis 
were  made  in  the  flume  at  the  hydraulic  laboratory,  and  the  results 
were  compared  to  determine  the  variation  between  the  two  methods 
of  measurement.  It  is  thought  that  a  brief  description  of  the  general 
method  applied  and  of  the  results  obtained -will  be  of  interest  to 
engineers. 
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The  movement  of  water  in  canals  and  feeders  is  quite  different  from 
that  of  a  natural  stream.  This  difference  is  due  mainly  to  lockage 
and  to  irregular  feed  from  one  section  to  another,  which  cause  rapid 
fluctuations  of  the  surface  level  and  of  the  velocity — in  some  cases 
the  surface  level  dropped  several  inches  in  a  few  seconds  and  the 
velocity  increased  from  25  to  50  per  cent.  The  disturbance  of  the 
water  at  a  given  place  may  be  due  either  to  lockage  or  to  feed  at  one 
or  both  ends  of  the  section.  The  water  that  is  needed  in  a  lower  level 
should  be  passed  through  a  culvert.  Ordinarily,  however,  it  is  passed 
through  the  lock  by  opening  one  or  more  valves  in  the  gates.  In  some 
cases  four  such  valves  are  opened  at  once  for  a  few  minutes,  but 
as  a  rule  only  one  is  opened  for  a  longer  time.  It  will  readily  be 
seen,  then,  that  when  a  boat  is  passing  in  or  out  of  a  section  which  is 
being  gaged,  or  is  entering  or  leaving  short  adjacent  sections,  the 
water  in  that  section  is  in  a  very  disturbed  condition.  The  length  of 
time  required  for  it  to  I'etum  to  a  normal  condition  after  one  of  these 
disturbances,  depends  to  some  extent  on  the  velocity  of  the  water. 
The  greater  the  velocity,  the  quicker  it  will  return  to  normal  condi- 
tit)n;  for  very  low  velocities  it  requires  hours  to  quiet  down.  In  one 
case,  with  a  steady  gage,  it  was  impossible  to  obtain  a  single  gaging 
(which  required  only  five  minutes)  in  a  whole  day.  It  will  readily  be 
seen  that,  to  be  of  any  value,  discharge  measurements  under  such  con- 
ditions must  be  made  quickly.  Even  when  the  surface  did  not  fluc- 
tuate the  work  was  often  stopped  by  one  or  more  boats  passing  the 
place  of  measurement.  Instantaneous  measurements  of  discharge 
and  a  continuous  record  of  surface  fluctuations  at  the  point  of  meas- 
urement are  desirable.  This  was  approximated  b}*^  making  a  rod 
gaging  in  from  four  to  ten  minutes  and  reading  the  surface  fluctua- 
tioDs  every  thirty  to  sixty  seconds. 

Two  instruments  were  used  to  measure  the  velocity,  viz,  float  rods 
and  current  meter.  The  float  rods  used  were  1.90  inches  in  diameter, 
of  wood,  and  weighted  at  the  lower  end  with  iron  pipe  and  lead  of  the 
same  diameter,  so  as  to  float  upright.  By  adjusting  the  weight  at 
the  lower  end  the  immersed  length  of  the  rod  may  bear  any  ratio  to 
the  depth  of  the  water  in  which  it  floats.  If  the  immersed  length  is 
equal  to  the  depth,  the  si)eed  or  velocity  of  the  rod  is  very  nearly  that 
of  the  average  velocity  of  the  water  in  the  vertical  plane  in  which  the 
rod  moves.  On  account  of  the  action  of  the  wind  on  the  part  of 
the  rod  which  projected  above  the  surface  of  the  water,  that  part  of 
the  rod  was  limited  in  length  to  about  8  inches.  Extensions  of  the 
rod  were  used  when  the  depth  required  them. 

In  this  work  it  was  not  possible  to  have  the  depth  of  immersion  of 
the  rods  more  than  about  90  per  cent  of  the  depth  of  the  water,  on 
account  of  inequalities  in  the  bottoms  and  sides  of  the  canals.  Neither 
was  it  advisable  to  have  rods  of  many  lengths,  on  account  of  the  labor 
required  to  transport  them  from  place  to  place.  Rods  of  three  lengths 
were  carried,  viz,  18,  40,  and  80  inches,  which,  with  a  set  of  exten- 
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while  the  float  rods  give  the  mean  velocity  in  a  vertical  at  one  obser- 
vation. The  meter  will  give  the  velocity  at  any  point  in  the  depth; 
the  rods  will  give  the  mean  velocity  only.  The  meter  can  also  be 
used  where  the  rods  can  not,  and  it  is  a  less  expensive  n^ethod  of 
measuring  discharge. 

The  laboratory  tests  cover  a  range  of  velocities  of  0.25,  0.50,  1,  and 
1.50  feet  per  second  for  channel  depths  of  7.5,  8.3,  and  9  feet,  and 
).5,  1,  1.50,  and  2  feet  per  second  for  a  channel  depth  of  6  feet. 
Two  depths  of  immersion  were  used  with  each  velocity,  viz,  75  per 
•ent  and  90  per  cent.  Every  velocity,  depth  of  channel,  and  depth  of 
.mmersion  found  in  the  field  work  could  not  be  duplicated  in  the  lab- 
)ratory  tests,  so  that  the  foregoing  range  covers  only  the  most  impor- 
ant  cases.  The  laboratory  exx)eriments  were  made  in  the  same  way 
18  the  field  experiments,  using  the  same  lengths  of  run  and  the  same 
listance  from  the  point  of  starting  the  floats  to  the  upper  chain. 

The  conditions  of  the  flow  were  not  quite  the  same  in  the  field  tests 
IS  in  the  laboratory  tests.     The  Lockport  comparison  was  made  in  a 
ock  cut,  with  nearly  vertical  rough  rock  sides  and  a  rough  bottom, 
rhe  meter  section  was  62.5  feet  wide,  8.5  to  9  feet  deep,  and  about 
'00  feet  above  the  i)oint  where  the  rod  measurements  were  made. 
The  section  where  the  rod  discharge  was  measured  was  65  feet  wide 
md  8.5  to  10  feet  deep.     There  was  undisturbed  flow  for  at  least  a 
lalf  mile  on  each  side  of  the  place  of  measurement.     The  Rochester 
omparisons  were  made  on  the  Rochester  Aqueduct,  which  has  very 
mooth  and  nearly  vertical  sides.     The  width  was  43  feet,  the  depth 
'.5  feet.     The  flow  was  undisturbed  for  a  half  mile  above  the  point 
)f  measurement,  but  there  was  a  very  sharp  curve  less  than  100  feet 
>elow  the  place  where  the  rods  were  used.     The  Boonville  compari- 
ons  were  made  in  an  earth  cut  with  side  slopes  varying  so  as  to  make 
I  gradual  transition  from  the  flat  bottom  to  the  top.     The  surface 
vidth  was  43  feet,  the  greatest  depth  7.7  feet.     There  was  unob- 
structed flow  for  a  quarter  of  a  mile  above  the  point  of  measurement 
ind  for  a  half  mile  below  it.     The  sections  where  the  Glens  Falls 
comparisons  were  made  have  nearly  vertical  sides.     The  width  is  32 
eet,  the  greatest  depth  6  feet.     There  is  a  bend  in  the  feeder  about 
00  feet  above  the  upper  section,  and  another  bend  about  1,000  feet 
)elow  the  lower  section.     The  meter  section  was  between  the  rod- 
neasuring  sections,  75  to  100  feet  distant  from  them. 

The  Cornell  University  canal  has  vertical  sides  of  concrete  and  a 
•oncrete  bottom.  One  side  is  at  present  roughened  somewhat  on 
iccount  of  the  lining  being  cut  out  in  places  preparatory  to  its  repair. 
Phe  canal  is  16  feet  wide,  10  feet  deep,  and  415  feet  long,  with  a 
t-andard  sharp-crested  weir,  and  with  gates  at  the  upper  end  for 
idmittlng  water  and  at  the  lower  end  for  controlling  the  depth  of 
vater  in  the  canal,  and  with  piezometers  and  gages  for  measuring 
U5curately  the  head  on  the  weir  and  the  depth  of  water  in  the  canal. 
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The  discharge  of  the  weir  is  known  for  any  head  on  it,  so  that  a 
simple  measurement  of'  the  head  gives  the  discharge  of  the  canaL 
The  discharge  can  then  be  measured  with  rods  or  current  meter  and 
compared  with  the  weir  discharge,  and  thus  the  error  by  the  rods  or 
meter  be  determined.     The  weir  is  220  feet  above  the  point  where  the 
rod  measurements  were  made,  and  15  feet  below  it  are  baffleboards 
for  quieting  the  water.    About  70  feet  below  the  meter  section  is  a 
bulkhead,  and  at  the  side  of  it  are  two  rectangular  gates.     During 
the  experiments  the  water  passed  out  of  the  canal  through  two  hori- 
zontal slits  in  the  bulkhead,  used  to  secure  velocity  in  all  of  the 
water  section.    At  the  higher  velocities  some  water  passed  out  under 
one  of  these  gates.    The  width  of  the  Cornell  channel  was  only  from 
one-fourth  to  one-half  that  of  the  channels  in  which  the  field  com- 
parisons were  made.    At  Cornell  the  water  was  probably  moving  in  a 
more  disturbed  condition  than  in  the  canals  and  feeders.    The  retard- 
ing effect  of  bottom  and  sides  was  less  in  the  former  channel  than  in 
the  latter,  and  the  depth  of  water  and  the  area  of  the  channel  we^^ 
measured  with  greater  accuracy  at  Cornell  than  on  the  canals. 
The  results  of  the  field  comparisons  are  given  in  the  following 

table: 

Results  of  field  comparisons. 


Place. 

Date. 

V'r. 
Feet. 

Feet. 

1.440 
.704 
.884 
.889 
.890 
.813 
.850 
.836 
.600 
.640 

Vm. 

Q'p. 

Q»p. 

Qm. 

Q'P— 

Q"r 

inQ'r. 

Qiok  in 
Q'r. 

qrr- 

Lockport 

Rochetiter 

1900. 

Sept.  14 

Sept.  20 

Sept.  21 

....So... 

Feet. 

1.531 

.TM 

.920 
.939 

i.m 

1.111 

Cu.  ft. 
peraec 

S97.82 

287."28" 

*i64."73' 
149.66 

Cu.ft. 

per  tec 

805.70 

236.  U 

303.04 

301.36 

307.06 

227.61 

238.81 

233.64 

172.77 

158.67 

Cu.ft. 

pereec 

799.85 

261.57 

3i6.'88' 
317.64 

228.66" 
234. 7D 
161.60 
155.28 

Perct. 

Peret. 

Pern 

-HI  n 

-^.^ 

Do 

-1.41 

........ 

Do 

— au 

Do 

....do... 

— ^v" 

Boonvllle 

Sept.  25 

do... 

....do... 

Oct.    8 

....do... 

1.073 

"".'s^i' 

.756 

—  .13 

Do 

+4  3 

Do 

—  .# 

Glens  Falls 

Do 

—4.88 
-6.92 

+1.91 
-8.72 

+«.--s 

+2.U 

V'r  Bmean  velocity  found  by  party  No.  1«  with  rods. 
V"r=mean  velocity  found  by  party  No.  2,  with  rods. 
Vm=mean  velocity  found  with  meter,  using  six-tenths  method. 
Q'r  ^discharse  found  by  party  No.  1,  with  rods. 
Q''r=adischarge  found  by  party  No.  2,  with  rods. 
Qm  ^discharge  found  with  meter,  using  six-tenths  method. 

In  the  Lockport  and  Glens  Falls  comparisons  the  meter  was  sus- 
pended from  a  bridge  by  means  of  an  insulated  wire.  In  the  Roche:*^- 
ter  and  Boonville  comparisons  it  was  suspended  from  a  boat  by  mean^ 
of  the  same  wire.  The  conditions  were  very  good  during  the  Lock- 
port  comparisons.  There  was  very  little  wind,  the  surface  did  nr-* 
fluctuate,  there  was  a  good  measurable  velocity  in  all  parts  of  t\^ 
cross  sections,  and  no  curve  near  to  disturb  the  direct  flow  of  ib*- 
water.  The  meter  discharge  will  be  seen  to  agree  closely  with  the  w>i 
discharge. 
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The  conditions  were  not  so  good  in  the  Rochester  comparisons. 
The  lower  gaging  station  was  too  near  a  curve  in  the  canal.  The 
time  of  run  of  the  individual  rods  at  the  same  point  differs  by  a  con- 
siderable amount,  much  more  than  at  the  upper  station.  On  the 
afternoon  of  September  20  the  surface  did  not  fluctuate  much,  but 
rain  interfered  somewhat  with  the  work.  The  meter  discharge  for 
that  day  is  7  per  cent  greater  than  the  corresponding  rod  discharge. 
The  next  day,  September  21,  the  surface  fluctuated  somewhat,  but 
not  more  than  while  much  of  the  regular  gaging  work  was  being 
done.  The  rod  discharge  measurements  for  that  day  differ  by  1.41  per 
cent,  and  the  average  meter  discharge  is  larger  than  the  rod  discharge 
by  3.3  percent. 

At  Boonville  the  conditions  were  all  good.  The  rod  discharges 
agree  closely,  as  does  one  of  the  meter  measurements  with  the  corre- 
sponding rod  measurement. 

The  Glens  Falls  comparisons  are  not  very  good — the  upper  gaging 
station  was  too  near  a  curve,  and  there  was  a  stroilg  probability  of 
leakage  from  the  feeder  between  the  points  where  the  rod  measure- 
ments were  made.  There  was  no  leakage  visible  on  the  surface,  but 
the  point  where  the  measurements  were  made  is  only  a  short  distance 
below  the  portion  of  the  feeder  which  is  noted  for  its  large  leakage, 
so  that  there  probably  was  some  leakage  here,  although  it  does  not 
show  on  the  surface. 

For  the  reasons  stated  we  believe  that  the  results  of  the  Glens 
Falls  comparisons  should  be  given  little  weight,  and  that  those  at 
Rochester  should  be  given  only  half  the  weight  of  those  at  Lockport 
and  Boonville. 

RestUts  of  experiments  at  Cornell  hydraiUic  laboratory.^ 


Rod  Gfagings  in  cana 

1. 

Immersit 
cei 

Veloc- 
ity. 

Date. 

Referred 
to  stand- 
ard weir. 

Ou.ft. 

per  sec. 

214. 6 

140.5 

71.7 

38.2 

178.6 

125.3 

61.3 

30.9 

196.4 

lis.  4 

91.1 

50.3 

198.3 

125.3 

65.4 

31.1 

Depth  of 
water. 

Immersi< 
cei 

Veloc- 
ity. 

3n,75  per 
it. 

Di9- 

chargre. 

Dn,  90  per 
at. 

Dis- 
charge. 

1900. 
<~>ctober  24 - -. 

Feet. 
».3(( 
9.25 
9.34 
8.81 
7.54 
7.55 
7.47 
7.38 
6.16 
6.30 
6.23 
5.85 
8.37 
8.39 
8.37 
8.28 

Ft.  per 

"ec. 

1.42 

.96 

.49 

.28 

1.51 

1.08 

.53 

.27 

2.07 

1.,% 

.95 

.56 

1.54 

.96 

.51 

.25 

Cfu.ft. 

per  sec. 

213.8 

143.0 

73.5 

39.1 

183.1 

131.0 

63.7 

31.6 

204.7 

136.7 

95.4 

52.2 

204.9 

129.1 

68.8 

Ft.  per 
sec. 

Cu.ft. 
per  sec. 

Do 

o.a5 

.48 

.27 

1.5!J 

1.06 

.52 

.26 

2.04 

1.34 

.94 

.55 

1.51 

141.0 

Do 

71.4 

Do 

38.6 

October  28 

184.8 

Do 

128.3 

October  27 

62.5 

Do 

Do 

:jo.3 

202.4 

Do 

13.5.8 

Do 

94.5 

Do 

51.6 

<3ctobeT31 

202.4 

Do            

October  29 

.50 
.24 

67.3 

X4ovemberl 

32.1 

>  A  recomptitation  of  this  data  {pave  results  slightly  different  from  those  contained  in  this 
-eport. 
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Results  of  experiments  at  Cornell  hydraidic  laboratory — Continxied. 


Current-meter  gaeringH  In  canaL 

Re- 
ferred 

to 
stand- 
ard 
weir. 

Depth 
water. 

Small  Price  meter  (No.  363). 

Small  Price  meter  (No.351^, 
ordinary  method. 

Date. 

Six-tenths 
method. 

Integrating 
method. 

Analytical. 

GraiducaL 

Veloc- 
ity. 

Dis- 
charge. 

Veloc- 
ity. 

Dis- 
charge. 

Veloc- 
ity. 

Dis- 
charge. 

Veloc- 
ity. 

Dis- 

^Aarge 

190a 
October  24 

Cu.ft. 

peraec. 

216.1 

140.5 

71.7 

38.3 

178.6 

125.3 

61.3 

31.2 

196.4 

132.4 

91.1 

60.3 

196.3 

126.3 

65.3 

31.2 

Feet. 
9.46 
9.87 
9.84 
8.92 
7.67 
7.64 
7.58 
7.56 
6.28 
6.40 
6.82 
6.01 
8.47 
8.51 
8.48 
8.46 

Pt.per 

aec. 

1.47 

.99 

.49 

.28 

1.49 

1.05 

.52 

.26 

1.99 

1.32 

.94 

.54 

1.51 

.95 

.50 

.24 

Cu.ft. 

peraec. 

22110 

148.5 

78.2 

40.1 

184.1 

128.9 

63.8 

31.5 

201.4 

136.0 

95.7 

62.7 

206.5 

130.0 

67.7 

32.7 

Ft.  per 
aec. 
1.43 

Ct^ft. 

peraec. 

217.5 

Ft.  per 
aec, 

1.45 
.95 
.48 
.24 

1.41 
.98 
.60 
.23 

1.86 

1.20 
.62 
.48 

1.38 
.84 
.44 
.19 

Cu.fL 

peraec, 

220.4 

143.1 

71.5 

33.3 

174.7 

120.3 

01.3 

28.1 

188.2 

123.8 

83.9 

46.5 

187.8 

114.5 

60.5 

25.2 

Ft.per 
aec 
1.44 

peraec 

SlflLO 

Do 

Do 

.9h  .    148.1 
.4i.  ;      72.7 

.95      lias 

.48          TSl 

Do 

.81 

1.52 

1.08 

.52 

.31 

2.08 

1.34 

.92 

.56 

1.55 

1.00 

.49 

.32 

44.4 

187.8 

131.7 

63.8 

38.1 

205.4 

138.1 

03.8 

54.2 

211.7 

137.3 

67.1 

43.4 

.25          35.5 

October  26 

1.43         17&S 

Do 

October  27 

1.00        123.1 
.50          6a7 

Do 

Do 

.24          2B£ 

1.90      uei 

Do 

1.24        127.3 

Do 

.86          H7.3 

Do 

.49          48.0 

October  31 

1.44         195^ 

Do 

.86  j      117  3 

October  20 

.45  '        61.0 

November  1 

.21 

28. » 

Date. 


1900. 
October  24. . 

Do 

Do 

Do 

October  26.. 

Do 

October  27.. 

Do 

Do 

Do 

Do 

Do 

October  31.. 

.  Do 

October  29-. 
November  1 


Tme  ve- 
locity at 
meter 
station. 


Ft. 


peraec 

1.41 

.93 

.48 

.27 

1.44 

1.02 

.50 

.26 

1.94 

1.28 

.89 

.62 

1.45 

.92 

.48 

.23 


Error  in  discharge  computed  by  different  methods  when  re- 
ferred to  standard  weir. 


Rod  measure- 

ments. 

Immer- 

Immer- 

sion, 75 

sion,  90 

per  cent. 

percent. 

Per  cent. 

Per  cent. 

+3.64 

-1.74 

-0.87 

-2.66 

+  .28 

-2.44 

-1.02 

-2.57 

-3.51 

-4.55 

-2.40 

-3.94 

-1.93 

-2.24 

+2.01 

-4.23 

-3.06 

-3.24 

-2.62 

-4.75 

-3.74 

-3.74 

-2.62 

-3.36 

-2.11 

-3.06 

-5.14 

-2.88 

-6.14 

-3.16 

Meter  measnremf^ncs. 


Six-tenths 

method. 

Inte- 

Analyt- 
icaL 

Oraph- 
i(»l. 

grratinflp 
method. 

Pei'  cent. 

Per  cent. 

Percent. 

-4.11 

-3.17 

-0.63 

-6.13 

-5.70 

-5.87 

-2.08 

-2.08 

-  1.59 

-6.00 

-4.86 

-16.16 

-3.09 

-3.09 

-  5.17 

-2.76 

-2.86 

-5.12 

-4.88 

-4.08 

-  4.08 

-1.04 

-1.04 

-22.10 

-1.46 

-2.65 

-  4.86 

-3.18 

-2.71 

-4.27 

-6.32 

-5.08 

-  2.96 

-6.92 

-4.75 

-  7.65 

-3.71 

-4.15 

-  6.76 

—3. 75 

-3.75 

-  9.54 

-  .81 

-2.36 

-  2.80 

-2.47 

-4.65 

-38.30 

Ordi- 
nary 
method. 


Pier  cent. 

-  1.97 

-  1.S4 
+  .24 
+12.81 
+  3.17 
+  3.60 

-  .08 
+10.00 
+  4.14 


Ordi- 
nary 

method 
oom- 
pnted 

from  ve- 
locity 

cnrraew 


+ 
+ 
+ 
+ 
+ 
+ 


6.49 
7.89 
7.67 
5.28 
8.60 
7.44 


+19.34 


I  Per  csr»f . 
-1.13 
-1.94 
-  .64 
+  7.CC 
+  1.34 
-1  73 
-»-  !fc 
•ML  44 

+2.ai 
+a94 

+4.i» 
+5-K 
-^1.2* 
-^«.4l 

+6.e 


Note.— Minus  sigrn  indicates  that  the  discharge  is  greater  than  that  by  standard  weir;  ids» 
sign  indicates  that  it  is  less  than  that  by  standard  weir. 

Referring  to  the  Rochester  comparisons,  it  mast  not  be  inferred 
that  because  the  rod  discharges  found  by  the  two  parties  on  Sep- 
tember 21  agree  closely,  and  the  meter  and  rod  discharges  of  the 
20th  differ  by  7  per  cent  of  the  rod  discharge,  that  this  difference  is^ 
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all  due  to  the  meter.  At  least  half  of  it  is  chargeable  to  the  rod 
measurement.  The  two  sets  of  velocity  readings  given  by  the  meter 
on  the  20th  agree  closely;  there  is  nothing  about  them  that  will 
account  for  this  large  difference.  The  time  of  run  of  the  rods,  how- 
ever, differs  by  a  considerable  amount,  as  already  stated.  The  rod- 
measuring  party  was  hindered  by  the  rain  and  by  the  refusal  of  one 
of  the  men  to  work  in  the  rain. 

The  results  of  the  experiment  work  are  given  in  the  foregoing 
tables.  The  method  of  procedure  was  to  open  the  head  gates  until 
the  head  on  the  weir  was  such  as  to  give  the  desired  discharge;  then 
the  slits  in  the  bulkhead  and  the  height  of  the  gates  at  the  lower 
end  of  the  canal  were  adjusted  so  as  to  give  the  desired  depth  of 
water  in  the  canal.  As  soon  as  the  flow  of  water  became  steady,  three 
parties  began  measuring  the  discharge  of  the  canal,  one  with  rods  and 
two  with  current  meters.  Two  lots  of  rods  were  used,  one  lot  of  75 
per  cent  depth  of  immersion,  the  other  lot  of  90  per  cent  depth  of 
immersion;  the  former  rods  were  lettered,  the  latter  rods  were  num- 
bered, so  that  they  could  easily  be  recognized  as  they  passed  under 
each  wire.  One  of  the  current-meter  parties  measured  the  discharge 
in  the  ordinary  way;  the  other  party  used  the  six-tenths  and  the  inte- 
grating methods,  and  after  completing  their  measurements  they 
assisted  the  rod-measuring  party,  four  stop  watches  being  then  em- 
ployed and  the  number  of  rods  observed  in  a  given  time  being  nearly 
doubled.  The  rod  work  was  continued  until  the  other  meter  party 
completed  its  measurement.  During  the  experiment  a  gage  giving 
the  head  on  the  weir  and  two  gages  giving  the  depth  of  water  in  the 
canal  and  the  slope  of  the  water  surface,  respectively,  were  read  every  30 
seconds.  As  a  check  on  the  weir  gages  and  canal  gage  readings  other 
readings  were  taken  with  a  hook  gage  several  times  during  the  experi- 
ment. The  length  of  run  of  the  rods,  or  the  distance  between  the 
chains  was  as  follows :  25  feet  for  the  2-foot  velocity,  with  a  starting 
distance  of  10  feet;  20  feet  for  the  1-foot  and  the  1.5-foot  velocities, 
with  a  10- foot  starting  run;  10  feet  for  the  0.5-foot  velocity,  with  a 
10-foot  starting  run;  and  7  feet  for  the  0.25-foot  velocity,  with  an 
8-foot  starting  run.  The  number  of  rod  observations  made  in  an 
experiment  varied  from  50  to  150.  The  observations  of  each  rod-dis- 
charge experiment  were  platted,  using  the  distance  from  the  side  of 
the  canal  as  abscissa  and  the  time  of  run  as  ordinate,  and  a  mean 
time  curve  was  drawn.  The  mean  time  was  found  from  this  curve, 
and  from  that  the  mean  velocity,  which  multiplied  by  the  cross-sec- 
tional area  gave  the  discharge. 

In  the  six-tenths  method  the  meter  was  held  with  its  center  at  six- 
tenths  of  the  depth  from  the  surface,  and,  successively,  at  1,  3,  7,  9, 
13,  and  15  feet  from  one  side  of  the  canal,  and  the  revolutions  in  two 
consecutive  periods  of  50  seconds  each  were  counted  from  the  indica- 
tions of  an  electric  buzzer.  The  meter  was  then  held  at  the  same  dis- 
tances from  the  other  side  of  the  canal,  and  the  revolutions  in  two 
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consecutive  50-second  periods  were  counted  as  before.  These  obser- 
vations gave  four  measurements  of  velocity,  covering  a  period  of  50 
seconds  each,  in  these  six  verticals,  at  six-tenths  of  the  depth  below 
the  surface.  These  points  were  platted,  using  the  distance  from 
the  side  of  the  canal  as  abscissa  and  the  revolutions  in  100  seconds  as 
ordinate,  and  a  mean  curve  was  drawn.  '  The  mean  number  of  revo- 
lutions for  the  whole  cross  section  was  computed  from  this  curve  and 
converted  into  mean  velocity  by  the  use  of  a  rating  table.  The  dis- 
charge was  then  found  by  multiplying  the  mean  velocity  by  the  cross- 
sectional  area.  The  discharge  was  also  found,  analyticaUy,  without 
platting  the  x>oints  and  dravring  a  mean  curve.  The  difference 
between  the  weir  discharge  and  the  meter  discharge,  expressed  in  per 
cent,  as  found  by  these  two  processes,  is  given  in  the  table  on  page 
24.  As  a  rule,  the  discharge  found  by  using  the  curve  is  more  aoco- 
rate  than  that  found  without  it. 

In  the  integrating  method  the  meter  was  moved  in  the  following 
way:  Its  center  started  at  0.5  foot  from  the  bottom  and  1  foot  from 
the  side  of  the  canal,  and  passed  slowly  to  the  surface  at  4.5  feet  from 
the  side,  then  to  0.5  foot  from  the  bottom  and  8  feet  from  the  side; 
then  to  the  surface  at  11.5  feet  from  the  side,  then  to  0.5  foot  from 
the  bottom  and  15  feet  from  the  side.  The  time  at  the  beginning  and 
end  of  this  operation  was  noted,  and  the  revolutions  of  the  meter  wheel 
were  counted,  as  indicat/cd  by  the  buzzer.  The  meter  was  then  car- 
ried back  over  the  same  path  at  about  the  same  speed,  the  time  o( 
passage  being  noted  and  the  revolutions  of  the  meter  wheel  counted 
as  before.  The  discharge  was  computed  by  dividing  the  sum  of  the 
revolutions  of  the  meter  wheel  in  the  passage  across  the  canal  and 
back  again  by  the  corresponding  time,  converting  this  into  velocity 
and  multiplying  by  the  cross-sectional  area. 

In  the  ordinary  method  the  meter  was  held  by  a  rod  at  five  pointe 
in  the  same  six  verticals  in  which  the  other  meter  was  held,  and  the 
number  of  revolutions  of  the  meter  wheel,  in  single  periods  of  60  sec- 
onds each,  were  read  from  a  recorder.  The  points  in  the  verticals  were 
usually  If  inches,  1  foot,  and  2  feet  from  the  bottom,  the  surface,  and  at 
one  other  point  between  the  two.  The  recorder  indicated  only  com- 
plete revolutions,  while  with  the  buzzer  quarters  of  a  revolution  could 
be  recognized.  The  mean  velocity  shown  by  the  observations  with 
this  meter  has  been  computed  in  two  ways:  (1)  The  mean  number  of 
revolutions  per  second  of  the  meter  wheel  while  being  moved  from  one 
side  of  the  canal  to  the  other,  at  the  five  depths  of  immersion,  have 
been  computed  and  platted  and  a  curve  drawn  through  them,  from 
which  the  mean  number  of  revolutions  per  second  for  the  whole  cross 
section  has  been  found,  and  this  converted  into  mean  velocity  by  the 
use  of  the  rating  table;  and  (2)  the  mean  velocity  has  been  compute 
by  using  with  these  observations  the  observations  obtained  at  the 
same  time  with  the  other  meter,  using  the  six-tenths  method,  the 
mean  revolutions  per  second  at  the  different  depths  being  converted 
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into  velocity  and  platted  on  a  large  scale,  the  velocity  at  six-tenths 
the  depth  being  platted  therewith  and  a  mean  velocity  curve  drawn 
among  the  points  (not  necessarily  connecting  them),  from  which  the 
mean  velocity  for  the  whole  cross  section  was  found.  The  discharge 
found  from  the  mean  velocity  computed  in  the  latter  way  is  given 
in  the  table  on  page  24,  also  the  velocity  found  by  the  ordinary  method. 

Meter  No.  351  used  in  the  ordinary  way  did  not  work  well  on 
November  1.  The  wheel  did  not  turn  continuously  for  the  small 
velocity  0.229  foot  per  second,  but  would  stop  for  a  few  seconds 
and  then  start  again.  The  other  meter  (No.  363)  worked  much  better 
for  the  same  velocity.  The  rating  tables,  however,  indicate  that  the 
latter  meter  will  measure  a  smaller  velocity  than  the  former.  It 
should  be  said  that  the  rating  table  for  meter  No.  351,  which  was  used 
to  convert  revolutions  into  velocity,  is  for  the  meter  suspended  by  a 
cable  and  not  held  by  a  rod.  There  was  not  sufficient  time  to  rate  it 
on  a  rod  before  making  the  computations. 

In  the  table  on  pages  23  and.  24  two  value.?  of  depths  are  given;  the 
one  in  the  third  column  on  page  23  is  the  mean  depth  for  the  40  feet 
of  distance  passed  over  by  the  rods,  the  other  (third  column,  top  of 
page  24)  is  the  mean  depth  at  the  meter  station,  and  is  for  a  distance 
of  15  feet.  Two  values  of  discharge  of  the  standard  weir  are  given  for 
each  experiment,  the  one  in  the  second  column  being  the  average  for 
the  period  during  which  discharge  was  measured  by  rods  and  meter, 
using  the  ordinary  method;  the  other  being  for  the  period  during 
which  the  discharge  was  measured  by  meter,  using  the  six-tenths  and 
integrating  methods. 

It  will  be  seen  from  the  table  on  pages  23  and  24  that  the  rod  dis- 
charge and  the  meter  discharge  for  the  six-tenths  method  and  for  the 
integrating  method  are  greater  than  the  weir  discharge,  and  that  the 
meter  discharge  by  the  ordinary  method  is  less  than  the  weir  dis- 
charge. The  sign  used  is  that  of  the  correction  to  be  applied  to  the 
meter  or  rod  discharge  to  obtain  the  standard  weir  discharge.  The  rod 
discharge  for  90-per  cent  rod  immersion  is  on  an  average  about  2  per 
cent  greater  than  the  weir  discharge,  and  the  rod  discharge  for  75-per 
cent  rod  immersion  and  the  meter  discharge  by  the  six- tenths  method 
are  each  on  an  average  3.5  per  cent  greater  than  the  weir  discharge. 
The  variation  from  the  weir  discharge,  which  we  will  call  the  error, 
is  in  each  case  slightly  greater  for  the  lower  velocities  than  for  the 
higher  velocities.  The  extreme  percentage  difference  between  any 
discharge  and  the  mean  of  all  the  corresponding  discharges  is  about 
2.6  per  cent.  The  error  in  the  discharge  as  found  with  the  current 
meter,  using  the  ordinary  method,  is  seen  to  increase  as  the  velocity 
decreases,  and  the  error  in  the  meter  discharge  as  found  by  the  inte- 
grating method  is  seen  to  also  increase  as  the  velocity  decreases.  It 
also  increases  as  the  speed  at  which  the  meter  is  carried  through  the 
water  increases.  This  we  know  must  'be  the  case,  since  the  velocity 
indicated  by  the  meter  is  the  resultant  of  the  velocity  of  the  water 
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and  the  velocity  of  the  meter  as  it  is  moved  through  the  water.  When 
the  velocity  of  the  water  is  small,  doubling  the  speed  of  the  meter 
will  nearly  double  the  indicated  velocity.  In  the  following  table  is 
given  the  speed,  in  feet  per  second,  of  the  meter,  also  the  percentage 
of  difference  between  the  true  velocity  and  the  velocity  as  found  by 
the  integrating  method.  For  a  given  speed  of  meter,  the  error  is  seen 
to  be  greater  for  the  low  velocities  than  for  the  higher,  and  for  any 
given  velocity  of  water  the  error  increases  with  the  speed  of  the  meter. 

Table  sTwtmng  effect  of  cJiange  of  speed  of  meter  in  the  integrating  method,,  com- 

putedfrom  experiments  at  ComeU  University, 


1 

Date. 

Ddpthof 
water. 

(S) 
Speed  of 
meter,  inte- 
grating 
method. 

True  ve- 
locity. 

(Vi) 

Velocity  by 

integrating 

method. 

v-v, 

V. 

1900. 

October  24 

Feet. 
9.460 
9.374 
9.338 
8.918 
7.673 
7.640 
7.582 
7. 557 
6.278 
6.399 
6.319 
6.005 
8.476 
8.470 
8.508 
8.455 
8.476 

Ft.  per  see. 
0.118 
,142 
.164 
.107 
.137 
.135 
.143 
.128 
.180 
.154 
.188 
.142 
.151 
.293 
.258 
.185 
.301 

Ft.  per  sec. 

1.409 

.932 

.477 

.265 

1.444 

1.018 

.502 

.255 

1.940 

1.283 

.893 

.515 

.478 

1.454 

.915 

.229 

.478 

Ft.  per  9ec. 

1.429 

.982 

.485 

.308 

1.519 

1.079 

.522 

.312 

2.030 

1.338 

.920 

.555 

.492 

1.552 

1.002 

.319 

.572 

~  1.42 

Do 

Do 

—  5.36 
1.68 

Do     

—  16.23 

October  26 

—  5.20 

Do 

—  5.99 

October  27 

—  3.99 

Do 

Do. 

-22.:ii 
—  4.64 

Do 

—  4.29 

Do 

—  3.0-i 

Do 

October  29 

October  31 

—29.29 
—  6.T4 

Do 

—  9.51 

November  1 

November  29 

-39.30 
-19.67 

CONCLUSIONS. 

Assuming  that  the  discharge  given  for  the  Cornell  University  weir 
is  correct,  the  greatest  percentage  error  in  discharge  when  measured 
with  rods  of  90  per  cent  depth  of  immersion  is  3.74  per  cent.  The 
range  of  percentage  errors,  omitting  that  on  November  27  for  velocity, 
0.255  foot  per  second,  is  4  per  cent,  the  mean  error  for  all  depths  and 
velocities  is  2  per  cent,  and  the  greatest  variation  from  this  me^n  is 
2.5  per  cent.  The  greatest  percentage  error  in  the  discharge  when 
measured  with  rods  of  75  per  cent  depth  of  immersion  is  6.14  per  cent. 
The  range  of  these  percentage  errors,  omitting  that  on  November  24 
for  the  velocity  of  1.409  feet  per  second,  is  4.4  per  cent.  The  mean 
error  for  all  depths  and  velocities  is  3.5  per  cent,  and  the  greatest 
departure  from  this  mean  is  2.6  per  cent.  The  greatest  percentage 
error  in  the  discharge  as  found  with  the  current  meter,  using  the  six- 
tenths  method,  is  5.7  per  cent,  and  the  range  of  these  percentage 
errors  is  4.7  per  cent.  The  mean  percentage  error  for  all  depths 
and  velocities  is  3.5  per  cent,  and  the  greatest  departure  from  this 
mean  is  2.6  per  cent. 

From  these  facts  we  may  conclude  (1)  that  a  discharge  measore- 
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ment  of  a  canal  or  feeder  may  be  in  error  6  per  cent  when  its  mean 
velocity  is  small,  but  that,  as  a  rule,  the  error  will  not  be  more  than 
3.5  per  cent,  and  (2)  that  a  measurement  of  loss  from  a  section,  which 
is  mainly  the  difference  between  two  simultaneous  discharge  measure- 
ments, may  be  in  error  4.7  per  cent — the  largest  difference  that  can 
be  obtained  by  subtracting  any  two  of  the  percentage  errors  in  the 
third,  fourth,  and  sixth  columns  of  the  table  on  page  24,  except  the 
two  just  mentioned,  and  it  is  very  unlikely  that  this  worst  combina- 
tion of  errors  will  ever  occur;  but  it  is  quite  likely  that  the  errors 
made  by  the  two  parties  will  be  about  the  same  in  magnitude  and 
have  the  same  sign,  in  which  case  the  measured  percolation  is  nearly 
free  from  error.  The  average  error  in  the  measured  percolation  is 
probably  not  more  than  2  per  cent,  and  does  not  depend  on  the  cor- 
rectness of  the  standard  weir  discharge. 

Of  no  little  interest  and  importance  is  the  fact,  brought  out  by  these 
comparisons  and  accuracy  tests,  that  the  current  meter  will  give 
quickly  and  with  a  high  degree  of  accuracy  the  discharge  of  canals 
and  feeders  or  other  channels  of  rectangular  and  trapezoidal  cross 
section  with  fairly  smooth  bottoms. 

The  general  subject  of  the  relative  accuracies  of  the  various  methods 
of  measuring  stream  flow  should  be  more  thoroughly  investigated, 
and  it  is  hoped  that  more  light  will  be  thrown  upon  obscure  points  in 
river  hydraulics  and  some  improvements  be  suggested  in  the  methods 
of  measuring  the  flow  of  streams. 

MEASUREMENTS  AT  RIVIBR  STATIONS. 

KENNEBEC   RIVER  AT  WATERVILLE,    MAINE. 

This  river  was  described  by  Prof.  Dwight  Porter  in  the  Nineteenth 
Annual  Report,  Part  IV,  pages  65  to  84.  Tables  of  its  daily  dis- 
charge from  1892  to  1898  will  be  found  in  Water-Supply  Paper  No. 
27,  pages  11  to  14;  and  similar  data  for  1898  and  1899  will  be  found 
in  Water-Supply  Paper  No.  35,  pages  25  and  26.  The  figures  for  the 
latter  year,  however  (April  to  December,  inclusive),  were  not  com- 
puted with  the  same  degree  of  accuracy  as  were  those  for  former  years, 
and  since  the  publication  of  Water-Supply  Paper  No.  35  they  have 
been  recomputed,  and  the  revised  figures  for  the  vear  1899  and  those 
for  the  year  1900  are  presented  herewith. 

The  computations  for  this  station  include  the  figuring  of  the  dis- 
charge over  the  dam,  through  the  waste  gates  and  waste  weirs,  and 
through  the  various  wheels  of  the  HoUingsworth  and  Whitney  mills. 
The  Sunday  flow  at  times,  especially  at  low  stages  of  the  river,  is 
found  to  be  irregular,  as  the  mill  at  Waterville  is  sometimes  operated 
Saturday  nights,  drawing  the  water  from  the  pond,  so  that  on  Sunday 
there  is  no  flow  except  that  due  to  leakage.  During  the  dry  season 
there  is  usually  less  water  passing  on  Sundays  than  on  week  days, 
for  at  many  of  the  mills  on  the  river  the  dams  are  closed  in  order  to 
allow  the  ponds  to  fill. 
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Daily  diacharge,  in  aecond-feet,  of  Kenii^iea  River  at  WatervilU,  Maine,  for  1899. 

[DrainiiKe  area.  1,110  sqauemnes.] 

Ha;.     Jniie.    Jnlf.    Aug.    Sept. 
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Daijp  discharge,  in  necond-feet,  of  Kenn^>e>e  River  at  WatennOe,  Maine,  for  isufi. 


Feb.     Mm.     Apr.      SUy.     Jni 
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C0BB08SEBC0NTEE  RIVER  AT  RESERVOIR  DAM  NEAR  AUGUSTA,  KAINE. 

This  river  is  described  in  the  Nineteenth  Annual  Report,  Part  IV, 
{)ages  79  and  80.  The  record  of  the  discharge  measurements  from  1890 
to  1899,  inclusive,  will  be  found  in  Water-Supply  Paper  No.  35,  pages 
28  to  33.  The  following  measurements  of  daily  dischai^e  for  1900 
were  furnished  by  Mr.  Alexander  H.  Twombly,  engineer  of  the  Forest 
Paper  Company,  of  Yarmouthville,  Maine.  The  measurements  are 
made  at  the  reservoir  dam,  where  the  dischargeof  the  river  is  controlled 
by  gates,  except  during  flood  stages.  The  gates  are  closed  on  Sun- 
days and  no  water  is  allowed  to  pass.  The  great  Cobbosseecontee 
dam  furnishes  a  supplementarj^  supply  to  the  reservoir  below,  and 
water  is  occasionally  drawn  from  it. 

Daily  discharge,  in  second- feet,  of  Cobbosseecontee  River  at  upper  dam  near 

Augusta,  Maine,  for  1900, 


[Drainage  area,  230  square  miles.] 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12. 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

34 

25 

26 

27 

28 

20 

30 

31 

Mean 


Jan. 

Feb. 

Mar. 

130 

220 

815 

ISO 

220 

1.463 

130 

220 

2,316 

125 

(a) 

2,065 

125 

220 

1.911 

125 

220 

1,6^ 

(a) 

220 

1,481 

130 

220 

1,295 

110 

220 

1,155 

100 

220 

1,155 

90 

(a) 

1,153 

90 

220 

1,116 

90 

220 

1,037 

% 

2,194 

999 

1,673 

QQQ 

95 

1,283 

999 

90 

856 

1,615 

90 

562 

1,611 

90 

425 

1,473 

90 

294 

1,518 

(«) 

270 

1.811 

140 

270 

1,662 

160 

270 

1,517 

200 

270 

1,472 

200 

(a) 

1,334 

200 

504 

1,289 

200 

602 

1.206 

'%> 

776 

1,206 
1,105 

220 

1,015 

220 

925 

136 

506 

1,365 

Apr. 


776 

496 

417 

656 

977 

907 

1,087 

1,379 

1,380 

1,342 

1,297 

1,297 

1,297 

1,297 

1,297 

1,213 

1,105 

1,072 

1.260 

1,380 

1,338 

1,260 

1,223 

],2» 

1,182 


May. 


570 
377 

300 


1.044 


300 
300 
300 
413 
808 
984 
831 
606 
456 
413 
348 
300 

300 

300 

300 

300 

300 

300 

585 

704 

908 

1,325 

1,422 

1,301 

1,016 

456 

357 

300 

300 

300 


562 


Jnne. 

July, 
(o) 

Aug. 

300 

260 

300 

280 

260 

(a) 

280 

260 

300 

(a) 

260 

280 

280 

(o) 

280 

280 

200 

280 

280 

260 

280 

(o) 

260 

280 

280 

260 

(a) 

280 

260 

280 

280 

260 

280 

280 

(a) 

280 

280 

260 

280 

280 

260 

280 

(o) 

260 

280 

280 

260 

(a) 

280 

260 

280 

280 

260 

280 

280 

(a) 

280 

280 

260 

280 

280 

275 

280 

(a) 

275 

280 

280 

275 

(a) 

280 

275 

280 

270 

275 

280 

260 

(o) 

280 

200 

275 

280 

260 

275 

280 

(o) 

275 

280 

260 

260 

260 
276 

260 

282 

264 

Sept. 


260 

(a) 
260 
260 
240 
240 
240 
240 

(o) 
240 
240 
240 
235 
230 
230 

(a) 
250 
250 
250 
250 
245 
250 

(a) 
250 
250 
250 
250 
245 
230 

(a) 


245 


Oct 

Nov. 

230 

180 

220 

165 

190 

140 

175 

(a) 

175 

130 

ito 

130 

(a) 

130 

100 

130 

175 

200 

180 

220 

190 

(o) 

220 

220 

220 

220 

(a) 

220 

220 

220 

220 

220 

220 

220 

220 

(a) 

220 

220 

200 

220 

(a) 

220 

220 

220 

220 

220 

220 

220 

220 

(a) 

220 

220 

220 

220 

(a) 

220 

220 

220 

220 

220 

200 

206 

190 

Dec. 


220 

(a) 
2120 
220 
220 
280 
220 
220 

(a) 
220 
220 
240 
240 
230 
230 

(a) 


240 
240 
240 
240 
240 

(o) 
240 

(a) 
240 
240 
240 
240 

(a) 
240 

232 


a  Water  shut  back  on  Sunday  when  under  control 
ANDROSCOGGIN   RIVER  AT  RUMPORD   FALLS,   MAINE. 

This  river  receives  the  drainage  from  the  Rangeley  and  other  lakes 
near  the  border  line  between  Maine  and  New  Hampshire.  It  flows  in 
1*.  southerly  and  southeasterly  direction,  descending  with  rapid  fall, 
firiid  is  one  of  the  most  valuable  streams  in  New  England  for  water- 
l>ower  purposes.  It  is  described  in  the  Nineteenth  Annual  Report, 
X^art  IV,  pages  84  to  97.  Figures  of  daily  discharge  will  be  found  in 
Water-Supply  Papers  No.  27,  pages  14  to  16.  and  No.  35,  page  28;  also 
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*  in  the  Twentieth  Annual  Report,  Part  IV,  pages  67  to  69.  Figures 
of  inontlily  discbarge  for  tlie  year  1899  will  be  found  in  the  Twenty- 
first  Annual  Report,  Part  IV,  page  67. 

The  following  table  of  the  daily  discharge  of  AndroBCC^gln  River  for 
the  year  1900  has  been  fumiahed  by  Mr.  Charles  A.  Mixer,  reeident 
engineer  of  the  Rumford  Falls  Power  Company,  who  states  that  not- 
able features  of  the  discharge  of  the  river  for  that  year  (1900)  are  the 
high  maximum  discharge  and  the  high  average  for  February.  There 
is  no  previous  record  or  recollection  of  thaws  or  rains  in  that  section 
during  that  month,  but  in  February,  1900,  there  were  two  such  peri- 
ods of  thawing  and  rainfall.  The  precipitation  for  the  month  was  7.% 
inches,  the  greatest  on  record,  most  of  it  in  the  form  of  rain.  In  189r< 
the  precipitation  amounted  to  7.25  inches,  but  all  in  the  form  of  snow, 
BO  that  the  effect  on  the  river  was  not  apparent  until  spring. 
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MBRRIHAC   RIVER   AT  LAWRENCE,    MASSACHUSETTS. 

Careful  records  of  the  flow  of  this  river  at  Lawrence,  Massachusetts, 
have  been  kept  for  more  than  fifty  years,  but  they  have  never  been 
published  in  full.  Figures  for  the  monthly  maximum  and  minimnm 
discharge  from  1890  to  1897  were  published  in  the  Nineteenth  AnDiud 
Report,  Part  IV,  pt^es  113  to  115,  and  similar  figures  for  1898  in  the 
Twentieth  Annual  Report,  Part  IV,  page  73.  In  Water-Supply  Paper 
No.  35  will  \x:  found  the  figures  for  the  daily  discharge  for  1897,  1S98, 
and  1899.     The  figures  for  1900  are  published  herewith. 
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Daily  dtKharge,  in  secondrfeet,  of  Merrimac  River  at  Lawrence.,  Massachusetts, 

for  1900. 

[Drainage  area,  4,553  square  milea.] 


Day. 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28-. 

27 

28 

29 

30 

31 

Mean 


Jan.     Feb. 


8,230 
2.606 
2.471 
1,860 
1.902 
1,209 
82 
2.649 
2.561 
2,220 
2,182 
2,327 
1.463 
266 
2,654 
2,574 
2.209 
2.335 
2,894 
1,898 
2,041 
6,810 
7,960 
8,184 
7,234 
6,027 
4,401 
3,891 
6,291 
5.923 
4,776 


Mar. 


4,681 

4,408 

2,871 

2,468 

5,520 

5.687 

5,910 

5,933 

7,112 

9,550 

9.060 

9,980 

12,720 

47,000 

52.089 

41,745 

28.923 

19.311 

13,731 

12,947 

11,549 

12,317 

19,300 

20,400 

24,772 

27,591 

23,911 

19,187 


3,860 


16,481 


17,350 
33,802 
37,732 
38,090 
20,898 
20,929 
17,011 
14,368 
13,356 
13,087 
12,211 
11,408 
11,067 
10,875 

10,684 
13,364 
14,243 
14.536 
16,487 
20,324 
19,517 
16,729 
14,555 
12,680 
12,440 
11.429 
11,065 
11,204 
11,290 
11.484 


16,245 


Apr. 

May. 

11'^ 

10,074 

12.507 

11,907 

13,412 

11.485 

15.389 

12.887 

16,797 

15,881 

17.602 

13,228 

19,458 

11.654 

21,184 

10,392 

21,511 

9,817 

18,808 

9.661 

15,157 

10,324 

13,660 

8,880 

14,497 

7,629 

14,557 

7,972 

13,646 

7,001 

14,648 

8,313 

15,945 

10,062 

17,886 

8,772 

22,372 

7,886 

29.896 

11,519 

34,926 

18,169 

30,809 

15,538 

27,402 

12,433 

24,627 

10.344 

23,144 

9,195 

20,888 

7,867 

16,730 

6,824 

14,422 

7,271 

11,727 

6,455 

11,826 

6,109 

6,272 

18,500 

10,084 

• 

June. 


5,832 
4,356 
4,397 
6,520 
7,492 
7.616 
6.491 
5,721 
4,178 
3,873 
5,275 
3,899 
3.701 
3,702 
3,811 
2,705 
2,800 
4,368 
3,526 
2,940 
2,961 
3,062 
2,288 
1,487 
3,915 
2,987 
2,732 
2,877 
2,448 
1,825 


Jnly. 


3,957 


479 
2,668 
2,370 

311 
2,220 
2,860 
1,096 

850 
2,471 
2,372 
2,315 
2,389 
2,270 
1,629 

186 
2,022 
2,206 
2,228 
2,290 
2,283 
1,488 

146 
2,125 
2,365 
2,133 
2,159 
2,189 
1,641 

242 
2,487 
2,317 

1,818 


Ang. ,  Sept. 


2,184 
2,192 
2,338 
1,605 

113 
2,088 
1,094 
1.7n 
1,860 
1.999 
1,847 

100 
2,562 
2.461 
2,218 
2,354 
2,483 
1,986 
1,872 
3,541 
2.469 
2,229 
2,072 
2,072 
1,433 

296 
1,754 
2,000 
1,958 
1.889 
1,966 


1,876 


1,389 

417 

284 

2,340 

2.206 

2,099 

1,912 

1,252 

90 

1,901 

1,637 

1,540 

1.626 

1.428 

782 

37 

1,678 

2,155 

2,242 

2,202 

1,977 

1,245 

36 

2,175 

2,385 

2.229 

2.209 

2,159 

1,498 

309 


Oct. 


1,513 


2,768 
2,490 
2,289 
2,137 
2,109 
1,482 

246 
2,315 
2.515 
2,580 
2,752 
3,300 
4,406 
2,914 
4,103 
3,316 
2,904 
3,201 
3,117 
2,283 

890 
3,248 
2,702 
2.643 
2,488 
2,447 
1,668 

961 
2,887 
2,484 
2,523 


Nov. 


2,517 


2,456 

2,468 

1,008 

277 

2,643 

2,478 

2.268 

2,082 

2,526 

12,221 

12,085 

9,477 

6,906 

5,804 

5,063 

4.473 

3,158 

2,466 

4,478 

3,626 

8,848 

6,071 

7.477 

6.235 

4,868 

7,257 

12,845 

15.838 

12,689 

10,844 


D^G. 


8,976 
7,374 
7,641 
6,644 
11,383 
17,046 
15.505. 
12,137 
9,237 
7,839 
6.101 
6,020 
6,764 
5,537 
4,338 
4.023 
5,321 
4.268 
3.692 
3,798 
4.245 
3,177 
8,125 
4.826 
5.034 
7.615 
7.827 
6,850 
5,119 
4,139 
5. 473 


5,849 


6,783 


NASHUA  RIVER  AT  CLmTON,  MASSACHUSETTS. 

On  the  south  branch  of  this  stream,  near  the  town  of  Clinton,  the 
Metrox)olitan  Water  Board  is  now  constructing  the  Wachusett  reser- 
voir, for  the  supply  of  water  to  the  city  of  Boston  and  neighboring 
cities  and  towns.  Measurements  of  the  flow  of  Nashua  River  at 
Clinton  have  been  made  by  that  board  since  July,  1896,  but  the  figures 
have  not  been  published.  They  have,  however,  been  presented  in 
testimony  in  court,  and  have  thus  been  made  public.  Careful  records 
of  rainfall  on  this  watershed  have  also  been  made. 

SUDBURY  RIVER  AND  LAKE  COCHITUATE,  MASSACHUSETTS. 

Sndbury  River  and  Lake  Cochituate  have  been  studied  by  the  engi- 
ueers  of  the  city  of  Boston,  the  State  Board  of  Health  of  Massachu- 
setts, and  the  Metropolitan  Water  Board,  and  records  of  rainfall  in 
the  Sudbury  watershed  have  been  kept  since  1875  and  in  the  Cochit- 
uate basin  since  1852,  but  the  latter  have  been  considered  of  doubtful 
accuracy  previous  to  1872.  The  records  of  run-off  from  1875  to  1898, 
Inclusive,  were  published  in  the  Twentieth  Annual  Report,  Part  IV, 
page  75,  and  those  for  1899  in  Water-Supply  Paper  No.  35,  page  37, 
i?v^here  will  also  be  found  a  short  description  of  the  watersheds  of  the 
river  and  the  lake.  The  following  table  gives  the  record  for  1900. 
All  of  the  records  were  furnished  by  Mr.  Desmond  Fitz  Grerald. 

IRR  47—01 3 
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Run-off  of  Sudbury  River  and  Lake  Cochituate  watersheds,  in  aeoondrfeet  per  square 

mUe,  for  1900. 


Month. 


January  . 
February 
March — 

April 

May 

Jane 

July 


Sudbury 

River 
watershed, 


1.2S9 
6880 
5.653 
2.088 
2.081 
.480 
-  .028 


Lake  Co- 
chituate 
watershed. 


1.060 
4.186 
4.0B» 
1.454 
1.641 
.456 
.298 


Month. 


Sudbury 

River 

watershed. 


August  ... 
September 
October . . . 
November 
December. 

Mean 


LakeCo- 

chitoate 

watershed 


-  .052 
.101 
.287 

1.026 

1. 


1.674 


.!»6 

.610 

1.5(1! 


1.4^ 


MYSTIC  LAKE,   MASSACHUSETTS. 

This  lake  has  been  a  source  of  water  supply  for  the  city  of  Charles- 
town,  Massachusetts,  since  1864.  A  brief  description  of  the  watershed 
is  given  in  Water-Supply  Paper  No.  35,  page  39,  and  on  page  40  the  run- 
off, in  inches,  for  the  watershed  from  1878  to  1897,  inclusive.  Records 
for  1898, 1899,  and  1900  are  not  available,  although  observations  have 
been  continued.    The  lake  is  no  longer  used  as  a  source  of  water  supply. 

CONNECTICUT  RIVER  AT  ORPORD,  NEW  HAMPSHIRE. 

This  river  has  its  source  in  Connecticut  Lake,  in  the  extreme  north- 
ern portion  of  New  Hampshire.  A  gaging  and  observation  station 
was  established  August  6,  1900,  by  E.  G.  Paul,  on  the  covered  high- 
way bridge  over  the  river  between  Orf ord,  New  Hampshire,  and  Fair- 
lee,  Vermont,  about  75  miles  from  the  source  of  the  stream.  The 
gage  for  making  observations  of  the  variations  in  the  height  of  water 
in  the  river  consists  of  a  scaleboard  20  feet  long,  graduated  to  feet  and 
tenths,  fastened  horizontally  to  the  inside  timbers  on  the  upper  side  of 
the  bridge,  125  feet  from  the  left-bank  abutment,  and  a  steel  sash 
chain  running  over  a  side  pulley  with  a  5-pound  weight,  the  length 
of  the  chain  from  the  extreme  end  of  the  weight  to  the  copper-rivet 
marker  being  42.95  feet. 

The  observer  is  Frank  H.  Gardner,  of  Orford,  New  Hampshire. 
One  discharge  measurement  was  made  during  1900,  as  follows: 
August  7:  Gage  height,  3.6  feet;  discharge,  1,529  second-feet. 


Daily  ga^e  height. 

in  feet,  of  Connecticut  Ri'ver  at  Orford,  New  Hampshire,  for  /^'A 

Day. 

Ang. 

Sept. 

Oct. 

Nov. 
4.60 

Dec. 

Day. 

Aug. 

Sept. 

Oct.  ,  Not.    Dec 

1 

1 

8.00 
3.65 
8.70 
8.25 
3.00 
2.35 
2.75 
2.70 
2.80 
3.00 
2.80 
2.70 
2.45 
2.70 
2.65 
2.75 

5.30 
6.50 
6.80 
5.20 
4.80 
4.20 
6.15 
6.20 
5.85 
6.15 
7.20 
12.43 
12.80 
10.65 
8.90 
8.15 

8.66 

17 

6.00 
6.46 
6.00 
5.20 
4.60 
4.1A 
8.85 

aoo 

8.40 
3.45 
3.45 
2.70 
8.15 
8.10 
3.06 

3.05 
2.96 
2.85 
2.86 
2.75 

ao5 

4.35 
6.00 
4.00 
4.16 
3.76 
8.60 
4.15 
4.85 

7.96      6.00 
7.60       6.SS 
7.15       6.60 
6.80       7.95 
6.80  ,  ll.aD 
6.86     13.90 
6.6S     14.80 

fi.75    i4.ao 

6.65     U.7U 
5.76     11.05 
5.70     ILSO 
6.45     11.40 
5.40       9.95 

6«P 

2 

4.60    8.40 
4.40  >  8.00 
4. 16     7. 70 

18 

6  V< 

3 

19 

«^> 

4 

20 

6.4> 

5...  

3.86 
3.80 
4.80 
6.<X) 

7.60 
7.40 
7.60 
7  f50 

21 

«:e 

6 

3.90 
8.66 
3.75 
4.05 
4.85 
4.05 
5.10 
5.35 
5.75 
6.66 
7.60 

tz 

69* 

7 

28 

67 

8.. 

24 

69 

0 

11.26  ;  7.60 
13.40  1  7.90 
13.35     7  60 

25 

7  •< 

10 

26 

9.i» 

U 

27 

(>.»' 

12 

12.40 

10.35 

0.66 

8.36 

7.95 

7.50 
7.60 
7.50 
7.20 
6.70 

28..  

20 

^Si< 

18 

!<« 

14 

30 

6.00       8.90  1  

15 

31 

4.75    

16 

1" 

r 
1 
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CONNECTICUT  RIVBR  AT  HOLYOKE,  MASSACHUSETTS. 

Measurement-s  have  been  made  of  the  flow  of  Connecticut  River 
at  Holyoke  for  many  years.  For  records  see  Water-Supply  Paper 
No.  35,  pages  40  to  42.  The  figures  are  furnished  by  Mr.  A.  F.  Sick- 
man,  assistant  engineer  of  the  Holyoke  Water  Power  Company.  The 
record  for  the  year  1900  is  not  available. 

CONNECTICUT  RIVER  NEAR  HARTFORD,  CONNECTICUT. 

Observations  of  the  height  of  Connecticut  River  near  Hartford  are 
made  by  the  Connecticut  River  bridge  and  highway  district,  Edwin 
D.  Graves,  chief  engineer,  as  noted  in  the  Twentieth  Annual  Report, 
Part  IV,  page  77.  Daily  readings  from  February  8,  1896,  to  Jan- 
uary 1,  1899,  were  published  in  Water-Supply  Paper  No.  35,  pages  42 
to  44.     The  record  for  1900  is  given  in  the  following  table: 


Daily  gage  height,  in  feet,  of  Connecticut  River  near  Hartford,  Connecticut,  for 

1900. 

Day. 

Jan. 

Feb. 

6.7 
6.6 
5.6 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

* 

Sept. 

Oct. 

Nov. 

Dec. 

1 

7.5 

17.6 

18.9 

15.1 

12.9 

10.6 

8.7 

7.8 

7.3 

7.3 

"6.'8' 
6.9 
6.0 
5.8 
5.4 
5.5 

"■6.'0 

8.4 

11.2 

10.8 

9.5 

8.9 

"i'A 
7.3 
6.9 
6.6 
6.6 
6.8 

"f.'o" 

8.0 
8.7 
8.3 
9.8 
10.5 

■i4.'2 
13.5 
12.0 
10.6 
10.5 
11.2 

'io.7' 

12.5 
14.5 
17.2 
20.6 
22. 2 
22.8 
22.3 
21.7 
21.1 
20.5 
20.4 
17.9 
13.9 
13.6 

12.1 
10.7 

5.7 
6.0 

'"2.*4* 

2.8 
2.0 
2.2 
2.6 
2.4 

"2.'3 
2.4 
2.7 
2.9 
3.0 
3.0 

"3.'2' 

8.5 

3.4 

2.9 

2.6 

2.8 

"2.'6' 
8.0 
2.9 
3.4 
3.4 
3.4 

"s's" 

3.1 
2.9 
2.7 
2  5 

'i.*9' 
1.9 
2.4 
2.5 
2.0 
2.9 
2.0 
1.9 
1.9 
3.4 
3.4 
3.7 
4.5 

"'3.'3 
3.3 
3.0 

2.8 
3.0 
2.9 

2.5' 

3.0 

2.9 

2.8 

2.5 

2.5 

"i'o 

2.5 
2.5 
2.5 
3.0 
2.5 

'".'6* 

'"2.'0 
2.0 
2.0 
2.0 
2.0 
1.0 
1.0 
1.0 
1.3 
1.5 
1.3 
1.5 
1.6 
1.6 
1.3 
1.6 
2.0 
1.6 

2'0 
2.0 
2.0 
2.0 
2.6 
2.0 
2.6 
2.6 
2.9 
3.0 
3.0 
3.3 
4.0 
4.6 
5.0 
5.0 
4.6 
4.0 
3.6 
3.6 
3.0 
3.0 
3.6 
8.0 
3.3 
3.0 
8.0 
3.6 
3.3 
8.6 
3.0 

3.8 
8.3 
3.0 
3.3 
3.0 
2.9 
2.9 
3.3 
3.6 
3.0 
4.0 
5.9 
5.6 
6.6 
5.9 
5.0 
4.9 
4.3 
3.9 
4.6 
3.9 
4.6 
7.0 
7.0 
7.3 
8.5 
10.9 
10.1 
10.2 
8.9 

7.1 

2   

4.0 
4.0 

7,0 

3 

6.6 

4 

10.9 
11.2 

'i6.*2" 
9.5 
9.0 
8.4 
8.4 
8.4 

"7.'9' 
7.3 
6.9 
6.7 
7.2 
8.4 

4.8 
7.0 
7.5 
6.7 
5.9 
6.5 

"4.'7' 

4.7 
4.3 
4.4 

4.3 
4.0 

"4.6' 
3.9 

6.3 

6 

6.9 

9.8 

8.7 

7.3 

8.6 

10.7 

9.4 

8.6 

11.8 

21.7 

23.4 

22.0 

19.0 

14.0 

10.3 

9.3 

8.4 

7.6 

11.7 

11.3 

10.5 

11.1 

9.7 

7.8 

8.0 

0 

9.3 

7 

9.9 

8 

2.5 

8.4 

9 

6.9 

10 

3.0 

'To' 

11 

12 

4.9 

13 

14 

15 

3.1 
3.2 
8.0 
3.0 
8.0 
8.6 

4.5 

16 

17 

5.3 

18 

5.8 

19 

5.5 

20 

5.5 

21 

13.3 
14.7 
13.9 
13.0 
11.0 
9.5 

Ta 

6.9 
6.5 
5.9 

3.4 
3.5 
3.4 

'"3.0" 
3.3 
3.4 
3.2 
8.0 
3.2 

5.2 

22 

7.8 
9.0 
6.9 
6.7 
6.7 
5.4 
6.0 
7.2 
6.7 
6.4 

23 

24 

5.2 

25 

4.8 

26 

5.5 

27 

6.0 

28 

6.0 

29 

30 

31 

5.3 
'"5^7 

HOUSATONIC   RIVER  AT  GAYLORDSVILLE,  CONNECTICUT. 

This  gaging  station  was  established  October  24, 1900,  by  E.  G.  Paul. 
It  is  near  Merwinsville  Station,  on  the  New  York  and  New  Haven 
Railroad.     Gage-height  observations  are  made  by  means  of  a  weight 
susi>ended  by  a  sash  chain  from  the  covered  bridge  across  the  river. 
The  distance  from  the  extreme  end  of  the  weight  to  the  copper-rivet 
marker  in  the  chain  is  30.45  feet.    The  distance  from  the  center  of  the 
side  pulley  to  the  datum  of  the  gage  is  29.35  feet.    The  gage  is  referred 
to  a  16-foot  scaleboard,  graduated  to  feet  and  tenths,  fastened  hori- 
zontally to  the  woodwork  on  the  inside  of  the  covered  bridge.     The 
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observer  is  G.  H.  Monroe,  a  farmer  living  wit];iin  a  short  distance  of 
the  station.  As  the  cross  section  of  the  river  channel  at  the  bridge 
was  not  favorable  for  making  discharge  measurements,  a  cable  was 
stretched  across  the  stream  1^  miles  below  the  bridge.  The  span  of 
the  cable  is  200  feet.  It  is  supported  on  the  right  bank  by  timbers  25 
feet  high,  and  is  anchored  to  a  large  rock  which  was  placed  5  feet 
below  the  surface  of  the  ground.  On  the  left  bank  the  cable  is  fas- 
tened to  a  large  sycamore  tree,  and  is  anchored  to  the  base  of  a  large 
oak  tree  by  means  of  a  turn- buckle.  A  tag  wire  with  markers  every 
10  feet  was  placed  above  the  cable.  The  initial  point  of  sounding  is 
the  large  sycamore  tree  which  supports  the  cable  on  the  left  bank. 

During  1900  the  following  discharge  measurements  were  made  by 
Mr.  Paul: 

Ans^nst  9:  Gage  height,  3.80  feet;  discharge,  450  second-feet. 
August  10:  Gtage  height,  3.25  feet;  discharge,  422  second-feet. 
October  20:  Ghige  height,  3  feet;  discharge,  303  second-feet. 
October  24:  Gage  height,  3.10  feet;  discharge,  370  seoond-feet. 

Daily  gage  height,  in  feet,  of  Houaatonic  River  at  QaylordsmUe,  Connecticut,  for 

1900, 


Day. 

Oct. 

Nov. 

Dec. 

Day. 

Oct 

Nov. 

Dec. 

Day. 

Oct. 

2.9 
3.1 
3.2 
3.1 
3.1 
8.1 
3.1 
3.0 

Not. 

3w9 
3.9 
3.8 
4.6 
&5 
5.4 
5.1 
4.9 

Dec 

1       

3.2 
8.1 
8.1 
2.9 
8.0 
2.9 
2.8 
3.2 
3.5 
4.1 
3.9 

4.9* 

4.6 

4.8 

4.2 

6.6 

6.8 

6.4 

6.1 

4.9 

4.6 

4.2 

12 

8.7 
8.6 
8.7 

4.2 

4.2 
4.8 

23 

L* 

2 

13 

24 

&.1 

3 

14 

25 

iH 

4 

16 

8. 7    lee. 
3.7    Joe. 
8. 6    Ice. 
3.6    Ice. 

8.6  Ice. 

3.7  Ice. 
4.1     Ice. 
4.0     Ice. 

26 

4i 

5 

16 

27 

4  1 

6 

17 

28 

4i 

7 

18 

28 

4." 

S 

19 

80 

a« 

9 

20 

81 

42 

10 

21 

11 

22 

1 

: 

1 

MISCELLANEOUS    MEASUREMENTS    OF    STREAMS    NEAR    GREATER 

NEW  YORK. 

Measurements  of  the  discharge  of  three  small  streams  near  the  city 
of  New  York  were  made  by  E.  G.  Paul  in  1900.  These  streams— 
Tenmile  River,  Wallkill  River,  and  Esopus  .Creek — have  been  under 
consideration  as  possible  sources  for  increasing  the  water  supply  of 
Greater  New  York.  Following  are  the  discharge  measurements  made 
by  Mr.  Paul: 

Miscellaneous  measurements  of  streams  near  Greater  New  York. 


Date. 

stream. 

LocaUty. 

diaric^ 

1900. 
Aug.9  ... 
Oct.  20... 

TenmileBiver 

do 

Webatuck.N.  Y 

See,-fL 
4« 

do 

S2 

Aug.  18  . . 

Wallkill  River 

Rockford  Bridge,  N.  Y 

BrodheadB  Bridge,  N.  Y 

70 

Aug.  14  . . 

EaopuB  Creek 

«2 
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METHODS  EMPLOYED  IN  THE  GAGING  OF  NEW  YORK  STREAMS  DURING 

THE  YEAR.  1900.^ 

The  location  of  gaging  stations  which  have  been  maintained  or 
established  in  New  York  State  during  the  year  1900  are  given  in  the 
first  of  the  tables  which  follow.  Most  of  the  older  stations  were 
established  either  in  connection  with  the  Upper  Hudson  storage  sur- 
vey of  1895  and  1896  or  by  the  United  St-ates  Board  of  Engineers  on 
Deep  Waterways  in  1898.  All  of  the  older  stations  are  in  connection 
with  dams  and  mills.  The  methods  employed  in  computing  the  flow 
of  streams  from  such  records  are  described  in  Water-Supply  Paper 
No.  35,  page  39,  and  records  of  flow  for  past  years  will  be  found 
in  the  same  paper.  In  connection  with  all  such  stations  an  effort 
has  been  made  to  improve  upon  the  methods  formerly  used,  and  to 
check  the  pre\aous  results  by  making  current-meter  measurements 
to  determine  the  volume  of  flow  through  turbines,  and  the  proper 
allowance  to  be  made  for  leakage  of  dams,  also  to  check  the  calculated 
flow  over  dams. 

Measurements  of  streams  in  New  York  State  have  been  made  with 
the  cooperation  of  the  State  engineer  and  surveyor,  Edward  A. 
Bond,  and  the  deputy  State  engineer  and  surveyor,  William  Pierson 
Judson.  The  stations  established  during  the  year  are  chiefly  current- 
meter  stations,  a  gage  being  read  onoe  or  twice  daily  to  determine 
the  stage  of  the  river,  and  the  current-meter  measurements  made,  as 
opportunity  permits,  with  the  water  at  different  stages.  A  suflicient 
number  of  current-meter  measurements  have  not  yet  been  made  at 
any  of  the  stations  to  permit  the  construction  of  rating  curves,  so 
that  the  daily  flows  in  second-feet  can  not  yet  be  given. 

In  addition  examinations  have  been  made  of  various  streams, 
notably  of  those  flowing  from  the  northern  slope  of  the  Adirondack 
region,  to  determine  favorable  localities  for  establishing  gaging  sta- 
tions, and  a  number  of  gaging  records  have  been  obtained  which  are 
not  yet  ready  for  publication. . 

No  single  method  of  gaging  has  been  followed  exclusively,  but  dif- 
ferent methods  have  been  pursued,  with  a  view  to  checking  the  results 
obtained.  In  a  number  of  instances  weir  and  current-meter  measure- 
ments have  been  combined  at  a  single  station,  the  former  method 
being  emploved  to  calculate  the  flow  over  dams,  the  latter  method  to 
estimate  diversion  to  canals  or  for  water-power  purposes. 

Many  of  the  older  stations  had  been  neglected,  and  at  the  beginning 
of  the  year  the  gages  were  out  of  repair.  Many  of  the  gages  have 
been  replaced  by  new  ones  having  metallic  flgures  and  division  marks, 
and  other  changes  have  been  made  with  a  view  to  increasing  the 
accuracy  of  the  results. 

1  Report  of  Robert  E.  Horton,  under  whose  direction  the  measurements  in  New  York  State 
liave  been  made. 
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Location  of  gaging  stations  on  New  York  streams. 


stream. 


Mohawk  River . . 

Oriskany  Creek  . 

Saaqaoit  Creek. . 

West   Canada 
Creek. 
Do 

Mohawk  River . . 

Bast    Canada 

Creek. 
Cayadntta  Creek 

Schoharie  Creek . 

Do 

Do 

Do 

Mohawk  River . . 

Do 

Do 

Indian  River 

Schroon  River. . . 

Hudson  River ... 

Do 

Seneca  River 

Chit  tenango 

Creek. 
Oneida  Creek 

Pifib  Creek,  West 

Branch. 
Oswego  River  ... 

Do 

Salmon  River 

Moose  River 

Black  River 


Location. 


Ridge  Mills 
Oriskany  ... 


New  York  Mills 

(No.3). 
Twin     Rock 

Bridge. 

Middle  ville 

Little  Falls 


Dolge  ville 


Below  Johns 

town. 
Fort  Hunter 


Erie  Canal  aque- 
duct. 

Mill  Point 

Schoharie  Falls.. 

Near  Schenec- 
tady. 
Rexford  Flats... 
Dunshach  Ferry. 

Indian  Lake  dam 
Below  Warrens- 
burg. 
Fort  Edward.... 
Mechanicsville  .. 
Baldwlnsville . . . . 
Bridgeport 


Kind  of  station. 


Dam  and  water- 
works. 
Dam  and  feeder 

Dam  and  miU. . 

Bridge 


Dam  and  mill. . . 
Dam  and  mills.. 

DamandjMwer 

plant. 
do 

Dam  and  feeder . 

Bridge 


do 

Dam  and  plant 

Bridge 


Kenwood 


McOonnelisviUe . 

EUghdam 

Above  Minetto . . 
Above  Pulaski. . . 

Moose  River 

Huntington  ville 
dam. 


Dam  and  feeder. 
Dam 


Storage  dam... 
Dam  and  mill.. 

Dam  and  mills. 

do 

do 

do 


Dam  and  mill. . 
Dam  and  mills 
do 


Cable 

Bridge  

Cable 

Waterworks 
dam. 


Duration  of  record. 


Gage  reader. 


Oct.  1,  1806,  to  Nov. 

28,1900. 
Oct.  16. 1808,  to  Jan. 

31,1001. 
Sept.  30, 1896,  to  Sept. 

30.1000. 
Sept.  9, 1900— Cont'd  . 

Oct.  7, 1806— Cont'd  a. 
Sept.  23, 18e6-Conrd 

Sept.23,1808-Cont*d 

Oct.l,1806-Oont'd  .. 

Sept.  23, 1808,  to  July 

31,1900.6 
May  2, 1900,  to  Oct.R 

1900 
July  6. 190a-Cont'd. . 
June,  1900— Cont'd . . . 

Feb.  1, 1899— Cont'd  c. 

Dec.  8, 1806— Cont'd . . 
Mar.l2,18eS-Oont'dd 

July22,1900-Cont'd. 
Nov.  1, 1805— Conrd  . 

Dec.  1,189R- Cont'd.. 
Dec.l,i887-Cont'd-- 
Nov.l2,18e6-Cont'd. 
Sept.  16, 1896— Cont'd 

Oct.  4,  1896,  to  Dec 

31, 1900.  e 
Sept.13,1698— Con'd/ 

Apr.l,l«97-Oont'd-. 

Sept.li.l900-Cont'd 
Sept.  4, 1900-Cont'd  . 
June  5, 1900— Cont'd  . 
Feb.22,1897-Oont'd- 


Daniel  Brown. 
Frank  Baker. 
Robert  Hogfaea 

Utica  Elec.  Lt 
and  Power  Co. 

E.  J.  Nelson. 

J.  J.  Gilbert  and 
Wm.  Hoffman. 

Henry  Meyer. 

A.  N.  Terry. 

H.J.Wittemeier. 

James  Shntts. 

Henr]r  Peters. 
Empire    State 

Power  Co. 
L.  Diggins. 

H.  R.  Betts. 
Kept    for    D.   J. 

Howell,  C.E 
Frank  Pelon 
Joseph    Goodfel- 

low. 
B.A.Carr. 
The  Duncan  Ca 
Chas.  Brannock. 
Jefferson  Downis. 

Wm.Padgham. 

Frank  8.  Harden. 

Oswego  Water 

works  Co. 
H.  L.  Woodcock. 
H.  A.  Walker. 
Frank  W.  Smith. 
Alonzo  Dreasor. 


a  No  record  February  1  to  May  9, 1900,  inclusive. 

b  No  record  December,  1899.  and  February,  1900. 

c  No  record  October  3, 1899,  to  April  7, 1900,  inclusive. 

d  No  record  April  1, 1809,  to  August  81, 1900,  inclusive. 

e  No  record  August  and  September,  1899,  and  February  and  May.  1000. 

/No  record  August,  1899,  to  April,  19U0. 

In  the  foregoing  table  there  have  been  incladed  a  number  of  rivers 
which  belong  to  the  Great  Lakes  drainage,  descriptions  of  which  will  l>e 
found  in  Water-Supply  Paper  No.  49,  the  same  being  Part  III  of  this 
series,  a  geographic  arrangement  of  the  streams  having  been  followed, 
as  in  former  years.  The  streams  referred  to  are  Seneca  River  at  Bald- 
wins ville,  Chittenango  Creek  at  Bridgeport,  Oneida  Creek  at  Kenwood, 
West  Branch  of  Fish  Creek  at  McConnellsville,  Oswego  River  at  Minetto 
and  at  high  dam,  Salmon  River  above  Pulaski,  Moose  River  below  Mc- 
Keever,  Beaver  River,  and  Black  River  at  Huntingtonville. 

The  following  t>able  gives  the  results  of  current-meter  measurements 
made  on  the  principal  of  these  streams  during  the  year  1900.  A 
modified  form  of  the  Price  meter  which  has  been  adopted  by  the 
United  States  Geological  Survey  was  used.  The  usual  mode  of  prt>- 
cedure  was  to  submerge  the  meter  six-tenths  of  the  depth  of  the  stream, 
at  measured  intervals  across  the  channel,  and  record  the  revolutions 
for  a  period  of  100  seconds.     In  cases  of  doubt,  surface  and  bottom 
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velocities  were  also  taken,  or,  as  a  check,  the  flow  was  determined  by 
the  integrating  method.  Many  of  these  measurements  were  made  at 
places  where  permanent  stations  have  not  been  maintained,  and  the 
gage-height  figures  given  are  the  distances  to  water  surface  measured 
from  some  fixed  point  of  reference,  usually  the  coping  of  either  a  pier 
or  an  abutment.  In  addition  to  the  results  included  in  the  table,  35 
current-meter  measurements  have  been  made  in  headraces,  feeders, 
power  canals,  and  other  channels,  to  determine  the  leakage  of  dams, 
the  flow  through  turbines,  and  the  amount  of  diversions.  The  results 
of  these  measurements  will  be  found  in  connection  with  the  descrip- 
tions of  the  various  gaging  stations. 

Summary  of  current-meter' measurements  of  New  York  streams  during  1900, 


Date. 


May  29 

Aag.  31 

Do.. 

Apr.  22 

Angr.  23 

Apr.  80 
Sept.  7 

Sept  10 
May  1 
May  23 
May  22 

July  27 
July  29 

Apr.  24 

May  2 
Jane  21 
July  18 

Do  .. 

Aiier-22 

July  5 
Ang.2Z 
May  12 
July  17 
Aug.  21 
Oct.  19 

July  25 

Aug.   9 

July  28 

Oct.  20 


June  11 
June  16 


Sept.  17 

June  1 
May  17 

Sept.  15 

Sept.  4 

June  6 


Stream. 


Mohawk  River 

....do 

...do 

do 

do 


Oriskany  Creek 
West     Canada 

Creek. 

.....do 

Mohawk  River  . 

do 

East  Canada 

Creek. 

do 

do 


Schoharie  Creek 


do 

.do. 

do. 

.do 

.do 


do 

do 

Mohawk  River 

do 

do 

Indian  River... 

Schroon  River. 

do 

Hudson  River . 

do 


Seneca  River. .. 
Chittenango 
Creek. 

Oneida  Creek... 

do 

Fish    Creek, 
East  Branch. 
Oswego  River . . 


Salmon  River . 
Black  River  ... 


Location. 


Riverside  Bridge 

Rome 

.....do 

Ridge  Mills 

do 


Oriskany 

Twin      Rock 
Bridge. 

Middleville 

Little  Falls 

do 

Dolgevllle 


do 
.do 


Fort  Hunter. 


.do 
.do 
.do 


.do 
.do 


Mill  Point.... 

do 

Schenectady 

do 

.....do 

Sabael  


Warrensburg.. 

do 

Fort  Edward .. 
MechanicsvUle 


BaldwinsvlUe. 
Bridgeport ... 


Ketiwood 


Oneida  Castle. 
Point  Rock  ... 


Cable  station ... 
Bridge  station . 
Glen  Park  Bridge 


Point  of  measure- 
ment. 


Two  miles  above 

Rome. 
Below    Erie  Canal 

feeder  dam. 
Above    Erie  Canal 

feeder  dam. 
At  highway  bridge 

above  dam. 
In  channel    below 

dam. 
Wood  road  bridge 


Suspension  bridge. 
Astronga  Bridge . . . 
Iron  highway  bridge 


.do 


Below   High  Falls 
dam. 

West  Shore  rail- 
road bridge. 

Erie  Canal  aqueduct 

Inflow  to  Mohawk.. 

Below  aqueduct;  in- 
flow to  Mohawk. 

Total    outflow   at 
dam. 

Below  aqueduct;  in- 
flow to  Mohawk. 


Freeman's  bridge. . . 

do 

do 

Below  Indian  Lake 
dam. 

Two  miles  above 
Warrensburg. 

One  mile  above 
mouth. 

Highway  bridfjfe  be- 
low paper  mill. 

Highway  bridge  be- 
low Duncan  & 
Co.'s  dam. 


Highway  bridge  be- 
low  Butternut 
Creek. 

Headrace  above 
mill. 


Three  miles  above 

Mlnetto. 
Two    miles   above 

Pulaski. 
Two    miles    below 

Watertown. 


Hydrogra- 
pher. 


Oage 
Iheight 


R.  E.  Horton . 

....do 

.....do 

H.  A.  Pressey 
R.  E.  Horton . 


.do 
.do 


.do 
.do 
.do 
-do 

.do 
.do 


H.  A.  Pressey 

E.  D.  Walker. 
R.  E.  Horton . 
E.D.Walker. 


do 
.do 


do 

do 

do 

do 

do 

R.E.  Horton 


.do 
.do 
.do 
.do 


.do 
.do 


.do 

.do 
.do 


do 

....do..., 
.....do.... 


Dis- 
charge. 


Feet. 
14.90 


1.96 


12.20 
.87 


18.70 

1.88 

20.12 

20.16 


2.26 


.64 
.47 
6.50 
5.20 
5.40 
8.20 

16.40 


21.50 


3.25 
8.60 


5.40 
1.06 


Sec, 'ft. 
208 

38 

188 

1,385 

116 

289 
182 

245 
4,778 

1,669 
412 

452 
106 

5,573 

1,267 
80 
d8 

lU 

44 

87 
141 
4.186 
667 
976 
451 

388 

286 
2,704 
1,871 


1.868 
96 


20 

86 

485 

1.677 

103 

2,175 
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Field  work  was  begun  so  late  that  in  many  instances  current-meter 
measurements  to  check  the  calculated  flow  over  dams  during  high 
water  could  not  be  made.  Additional  meter  measurements  are  also 
needed  at  all  of  the  current-meter  stations  to  establish  discharge 
curves.  This  report  must  therefore  be  considered  as  in  some  degree 
preliminary. 

For  mill  streams,  where  the  water  is  held  back  as  pond  storage 
during  the  dry  season,  and  where  the  mills  are  stopped  on  Sundays  or 
holidays,  it  is  impossible  to  determine  the  natural  regimen  of  flow. 
If  at  the  time  the  water  wheels  are  stopped  the  wat<^r  stands  below 
the  level  of  the  crest  of  the  dam,  the  flow  in  the  stream  channel  below 
will  be  nil,  or  at  best  will  only  equal  the  leakage  of  the  dam,  flumes, 
or  penstocks.  With  regard  to  estimation  of  Sunday  flow,  no  uaifonn 
rule  has  been  followed.  In  some  of  the  older  records  the  Sunday  f^ow 
during  the  dry  season  has  been  taken  as  the  mean  of  the  calculated 
flow  for  the  preceding  and  following  days,  and  in  cases  where  this 
method  had  previously  been  used  it  has  been  adhered  to  in  computing 
the  daily  discharge  of  the  streams.  In  other  instances  the  daily  flow 
given  in  the  table  is  that  shown  by  the  gaging  record,  and  i^presents 
as  nearly  as  may  be  the  actual  amount  of  water  flowing  in  the  stream 
channel  below  the  dam,  but  it  may  be  quite  different  from  the  amount 
entering  the  pond  above  the  dam. 

The  relation  existing  between  the  canals  of  New  York  and  the 
streams  of  the  central  portion  of  the  State  is  very  complicated.  In 
many  cases  diversion  from  the  headwaters  of  the  streams  for  the  sup- 
ply of  canals  virtually  reduces  their  effective  drainage  areas.  As  a 
result,  the  watersheds  during  the  summer  may  be  materially  less  in 
area,  and  in  their  water-yielding  characteristics  may  differ  widely 
from  the  region  tributary  to  the  streams  when  the  canals  are  not  in 
operation.  It  is  evident  that  the  run-off  from  such  streams  is  not 
comparable  with  that  from  streams  having  an  undisturbed  regimen. 

It  often  happens  that  a  single  gage  reading  taken  at  or  near  the  cul- 
mination of  a  flood  shows  a  larger  flow  than  the  mean  for  any  single 
day.  The  results  of  such  isolated  observations,  together  with  other 
data  relative  to  extremes  of  flow,  have  been  given  for  a  number  of 
stations. 

The  drainage  areas  of  the  various  streams  above  the  gaging  stations 
and  at  other  points  are  given  in  the  following  table: 

Drainage  areas  of  New  York  streams. 


Stream. 

Location. 

j^ 

Batten  Kill  a     

At  month 

Sq.mHes, 

biSS 

Beaver  River 

...  .do 

822 

Do 

Above  Beaver 

im 

Do 

Below  Beaver 

169 

a  Hudson  River  tribntary.  b  Upper  Hndson  storage  snrveys. 
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Drainage  areas  of  New  York  «^ream«— Contiiined. 


Black  Creek  a 
Black  River 

Do 

Do 

Cayadatta  Creek  c 

Do 

Chittenango  Creek 

Do 

East  Canada  Creek  c 

Do ... 

Fish  Creek,  East  Branch  . 
Fish  Creek,  West  Branch. . 

Fnlton  Chain 

Hoosic  River  e 

Hndson  River 

Do 

Do 

Do 

Do 

Indian  Lakep 

Lake  Neatahwanta  a 

Mohawk  River 

Do 

Do 

Do 

Do...     . :.. 

Moose  River 

Do 

Ninemile  Creek  c 

Do 

Oneida  Creek 

Do 

Oneida  River 

Oriskany  Creek  c 

Do 

Oswego  River 

Do 

Do. 

Do 

Do 

Sacandaga  River  e 

Salmon  River _ . 

Do.. 

Sanqnoit  Creek  c 

Schoharie  Creekc 

Do 

Do 

Do 

Schroon  River 

Seneca  River 

Do 

West  Canada  Creekc 

Do. 

Do .. 

Do 


At  month 
do 

At  gaging  station 

At  Forestport 

At  month 

At  gaging  station 

At  month 

At  Bridgeportd 

At  month 

At  gaging  station 

At  Point  Rock 

At  McConnells^U^  d 

Above  Old  Forge 

At  month 

AtTroy 

Above  Mohawk 

At  Mechanicsville 

At  Fort  Edward 

At  Hadley  g  

At  gagging  station 

At  month  of  ontlet 

At  month 

At  Rexford  Flatsd 

At  Schenectady  d 

At  Little  Falls  d 

At  Ridge  Millsd 

At  month 

At  cable  station 

At  month ,  _ . 

At  gaging  station 

At  mouth , 

At  Kenwoodd 

At  mouth 

do  ---     

At  State  dam  d 

At  month 

At  high  dam 

At  cable  station  _  _ 

At  Fulton 

Below  Three  River  Point 

At  mouth  _ 

At  bridge  station 

One  mile  above  falls 

At  mouth 

At  gaging  station 

At  mouth _ 

At  Fort  Hunter  d 

AtMillPointd 

At  Schoharie  Falls  d 

At  gaging  station 

At  mouth 

At  Bald winsville  d 

At  mouth 

At  Middlevilled 

At  Trenton  Falls .  

At  Twin  Rock  Bridge  d . . 


Sq.  miles. 

89 

1,090 

1,889 

b2e8 

&62 

h40 

&S09 

6307 

283 

256 

&104 

&187 

41 

/730 

/8,000 

4,627 

/4, 500 

/2,800 

/1. 092 

146 

23 

&3,468 

63,385 

3,212 

61,306 

6153 

406 

846 

674 

668 

6149 

659 

61,402 

6146 

6144 

5,002 

5,000 

4,990 

4,916 

6167 

61,056 

264 

6191 

67 

62 

.  6947 

6947 

984 

930 

563 

63,433 

63,103 

569 

518 

375 

252 


a  Osweeo  Riyer  tributary.  e  Hudson  River  tribatary. 

b  Unitod  States  Board  of  Engineers  on  Deep  Waterways.  /  UpjMr  Hudson  storage  surveys. 

e  Mohawk  River  tributary.  g  Not  including  Schroon  River. 
d  Gaging  station. 
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MOHAWK  RIVER  GAOING  STATIONS. 

Gaging  records  have  been  kept  on  this  stream  at  the  following  dams 
and  mills:  Rome  waterworks  pumping  station  at  Ridge  Mills,  lower 
dam  at  Little  Falls,  New  York  State  dam  at  Rexford  Flats^  and  West 
Troy  Company's  dam  at  Dunsbach  Ferry.  A  current-meter  station  at 
Freeman's  bridge,  below  Schenectady,  has  also  been  maintained. 

An  important  series  of  gagings  has  also  been  instituted  on  Mohawk 
River  by  the  New  York  State  canal  survey,  under  the  direction  of 
Edward  A.  Bond,  State  engineer  and  surveyor.  A  statement  regard- 
ing these  gagings  has  been  furnished  by  Mr.  D.  J.  Howell,  consulting 
engineer  of  the  New  York^  State  canal  survey.  Gages  have  been 
erected  at  various  places  along  the  stream,  from  Herkimer  to  the 
confluence  of  the  river  with  Hudson  River  at  Cohoes,  both  above  and 
below  each  dam  and  near  the  points  of  inflow  of  the  more  important 
tributaries,  and  the  positions  of  the  gage  zeros  have  been  determined 
with  reference  to  mean  tide  as  a  datum.  Gages  previously  maintained 
by  the  United  States  Geological  Survey  have  been  used  wherever 
available.  Observers  are  employed  to  take  simultaneous  daily  read- 
ings of  the  gages,  from  which  the  slope  of  the  water  surface  for  each 
level  or  division  will  be  determined  and  the  velocity  of  flow  computed. 
It  is  the  intention  to  take  cross  sections  of  the  stream  channels  in  each 
level,  at  different  stages,  and  to  make  current-meter  or  other  discharge 
measurements  during  high  water. 

The  regimen  of  Mohawk  River  during  the  navigation  season  is 
undoubtedly  influenced  to  a  large  extent  by  the  Erie  Canal,  which 
runs  parallel  to  it  from  Rome  to  Cohoes.  The  water  supply  of  the 
Erie  Canal  east  of  the  summit  level  at  Rome  is,  with  a  single  excep- 
tion, derived  from  Mohawk  River  and  its  tributaries.  The  State 
dams  and  feeders  are  located  as  follows : 

Location  of  State  dams  and  feeders. 


Stream. 


Mohawk  River. 

Do 

Oriskany  Creek  _ 
Mohawk  River. 

Do 

Schoharie  Creek 
Mohawk  River  . 


Location. 


Delta,  6  miles  above  Rome. 

Rome. 

Oriskany. 

Little  Falls. 

Fivemile  or  Rocky  Rift  dam. 

Fort  Hnnter. 

Rexford  Flats. 


A  large  diversion  from  tlie  watershed  at  these  feeders  is  in  some 
measure  counterbalanced  by  return  water  to  the  main  channel,  from 
seepage  through  canal  and  feeder  banks,  and  from  flow  over  waste- 
weirs. 

The  gaging  records  at  Rexford  Flats  and  at  Little  Falls  indicate 
that  during  the  navigation  season   the  yield  of  the  watershed,  in 
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second-feet  per  square  mile,  and  frequently,  also,  the  actual  flow  of 
the  river,  in  second-feet,  is  considerably  less  at  the  former  station 
than  at  the  latter  station.  The  drainage  area  above  Rexford  Flats  is 
3,385  square  miles,  or  2.6  times  that  at  Little  Falls,  which  is  1,306 
square  miles.  This  fact  appears  to  be  confirmed  by  the  other  gaging 
records  kept  on  the  stream,  but  the  results  of  these  have  not  been 
sufficiently  worked  up  to  permit  a  final  discussion  of  the  subject  at 
this  time.  The  diminished  water-yielding  capacity  of  the  lower 
Mohawk  Basin  may  be  attributed  in  part  to  the  low  water  of  Scho- 
harie Creek.  The  total  drainage  area  of  that  creek  is  947  squai*e 
miles.  Weir  measurements  at  Schoharie  Falls  show  that  the  flow 
sometimes  falls  below  50  second-feet.  During  practically  the  entire 
summer  no  water  flows  over  the  crest  of  the  State  dam  at  Fort  Hunter; 
the  major  portion  of  the  flow  is  diverted  to  the  Erie  Canal  feeder,  and 
the  remainder  leaks  through  the  dam.  During  the  summer  of  1900, 
from  June  to  October,  inclusive,  the  direct  inflow  to  the  Mohawk  from 
this  tributary  did  not,  with  the  exception  of  a  few  days,  exceed  45 
second-feet,  or  0.05  second -foot  per  square  mile. 

MOHAWK  RIVER  AT  RIDGE   MILLS,   NEW   YORK. 

A  description  of  this  station  will  be  found  in  Water-Supply  Paper 
No.  35,  page  45.  During  the  present  season  (1900)  the  calculated  dis- 
charge of  the  turbines  has  been  made  to  depend  on  current-meter 
measurements,  instead  of  on  the  observed  wheel-gate  openings,  as 
formerly. 

Table  showing  relation  of  speed  of  pumps  to  u^ater  flowing  in  tailrace. 


Date. 


1900. 


May  29  . . 
Angnst  23 


Speed  of 
pxunps. 


Rev.  per  min. 
15 
12 


Measured  flow 
in  tailraoe. 


Second'/eet. 
122 
95 


The  discharge  of  the  turbines  is  sensibly  proportional  to  the  rate  at 
which  the  waterworks  pumps  which  they  drive  are  run,  and  a  straight- 
line  diagram  has  been  prepared,  using  the  foregoing  data,  from  which 
the  flow  through  the  turbines  has  been  estimated. 

On  August  23,  when  no  water  was  flowing  over  the  crest,  a  meas- 
urement of  the  leakage  of  the  dam  was  made  in  the  stream  channel 
below;  it  was  found  to  be  20  second-feet,  and  an  allowance  of  that 
amount  has  been  made  in  estimating  the  daily  flow.  The  results  of 
other  meter  measurements  at  this  station,  and  in  the  vicinity,  will  be 
found  in  the  table  on  page  39. 

The  gaging  record  at  Ridge  Mills  does  not  include  any  allowance  for 
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diversion  to  Black  River  Canal  at  the  Delta  feeder,  4  miles  upstream, 
nor  for  return  water  from  seepage  and  wasteweirs. 

Daily  discharge,  in  second-feet ,  of  Mohawk  River  at  Ridge  MiUs,  New  York,  for 

1898. 

[Draixutge  area,  168  square  miles.] 


Day. 

Oct.  a 

Noy.a 

Dec.  a 

Day. 

Oct.  a 

Not.  a 

Dec.a 

1 

154 
140 
188 
127 
143 
249 
199 
173 
169 
149 
148 
149 
164 
259 
889 
349 
319 

260 
249 
215 
199 
215 
249 
860 
259 
249 
1,184 
2.134 
607 
615 
439 

3n 

315 

128 
144 
133 
133 
169 
184 
144 
169 
169 
154 
184 
184 
121  1 

i:)6 

169 
169 
154 

18 

215 
190 
240 
215 
909 
859 
794 
519 
009 
1,251 
574 
409 

sao 

314 

204 

2M 
SM 
270 
3S0 

400 
204 
215 
191 
190 
184 
IM 

\m 

2 

19 

144 

3 - 

20 

19 

4 

21 

3i: 

5 

22 

0W 

6 

23..  

974 

7 

24 

69 

8 

25 

26 

419 

9 

814 

10 

27 

819 

11 

28 

159 

12 

20 

219 

18 

80 

134 

14 

31 

644 

15 

Mean 

16 

389 

401 

9B1 

17 

a  Revised  flgrares. 
Daily  di^charge^  in  second-feet^  of  Mohawk  River  at  Ridge  Mills,  Neto  York^for  JSC<*, 


Day. 

Jan.  a 

Feb.  a 

Mar.a 

Apr.  a 

May  .a 

June. 

July. 

Ang. 

Sept. 

Oct. 

NoT.a 

Deca 

i 

1 

816 
243 
296 
298 
2,373 
896 
409 
316 
299 
219 
164 
167 
167 
163 
911 
725 
469 
824 
223 
199 
198 
208 
214 
281 
338 
318 
244 
223 
208 
170 
170 

377 

214 
214 
214 
214 
109 
164 
123 
166 
126 
129 
129 
129 
129 
173 
266 
268 
184 
126 
166 
161 
160 
494 
697 
389 
346 
296 
486 
461 

851 
394 
366 
306 
176 
1,074 
735 
414 
346 
219 
264 
1,174 
1,211 
701 
364 
321 
239 
219 
274 
581 
464 
864 
389 
436 
416 
344 
274 
241 
636 
436 
436 

364 

319 

254 

311 

344 

391 

439 

1,264 

1,034 

686 

799 

1.864 

1,490 

2.181 

1.744 

1,841 

1,364 

1,664 

2,226 

2,084 

1,404 

1,264 

1,130 

959 

766 

614 

549 

439 

354 

319 

321 
819 
230 
204 
176 
151 
102 
94 
129 
138 
344 
414 
296 
361 
214 
161 
889 
861 
649 
614 
436 
319 
274 
239 
219 
204 
189 
386 
1.136 
546 
844 

337 
319 
279 
259 
214 
232 
233 
262 
269 
279 
249 
282 
282 
302 
402 
.  399 
359 
339 
282 
279 
262 
269 
299 

2se 

269 
269 
249 
249 
249 
229 

262 
262 
232 
249 
202 
127 
262 
322 
669 
499 
379 
359 
339 
339 
319 
399 
319 
309 
382 
339 
302 
382 
209 
282 
275 
262 
289 
166 
1B3 
178 
178 

218 
283 
248 
181 
146 
181 
126 
121 
125 
129 
139 
160 
265 
245 
275 
205 
230 
230 
245 
245 
265 
296 
272 
289 
202 
269 
309 
309 
278 
316 
200 

■"'85' 

85 
85 
95 
89 
85 
99 
115 
136 
112 
85 
79 
79 
66 
66 
66 
60 
60 
69 
63 
68 
79 

03 
208 
233 
253 
2Q0 
810 
290 
280 
290 
310 
340 
260 
310 
200 
310 
240 
220 
200 
290 
200 
240 
880 
200 
810 
540 
290 
310 
340 
360 
200 
200 

515 
515 
315 
206 

aas 

206 
266 
2B5 
296 
216 
816 
205 
265 
266 
286 
286 
206 
296 
206 
246 
2t5 
265 
206 
286 
206 
266 
206 
206 
206 
206 



1      ss 

2 

6^'* 

3 

asG 

4 

34» 

6 

206 

6 

ss 

7 

8 

335 

9 

ss> 

10 

11 

2S 
SIS 

12   

3,«S 

13 

1.U6 

14 

15 

Sl<) 
455 

16 

ae 

17 

295 

18 

296 

19 

l.«5 

20 

1.0& 

21 

22 

1,UE6 

.-as 

28 

313 

24 

3(5 

26 

Sli 

28 

S^ 

27 

2^ 

28 

29 

36 

30 

t          ~ 

31 

1      n 

Mean  . . . 

244 

467 

997 

820 

281 

810 

2» 

81 

278 

SOI 

^* 

a  Revised  figoree. 
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Daily  discharge,  in  second-feet,  of  Mohawk  River  at  Ridge  MiUs,  New  York^f^r  1900. 

Day. 

Jan.a 

Feb. 

Mar. 

Apr. 

May.b 

Jime.b 

July  .6 

Aug.  6 

Sept.6 

Oct.6 

Nov. 

1 

2 

270 
270 
270 
290 
810 
310 
340 
1,115 
475 
530 
475 
420 
415 
305 
305 
265 
265 
345 
365 
1.365 
1,535 
875 
&55 
285 
365 
480 
285 
265 
270 
270 
270 

200 
132 
100 
180 
100 
248 
128 
125 
1,628 
1.128 
854 
738 
3,162 
1,928 
1,058 
618 
578 
284 
2U2 
188 
198 
288 
803 
714 
268 
172 
202 
132 

784 
815 
750 
630 
280 
224 
354 
350 
320 
300 
280 
219 
254 
254 
219 
164 
149 
150 
169 
544 
500 
504 
504 
370 
104 
160 
164 
160 
164 
116 
112 

810 
1,080 
1,245 

i,ia5 

1,066 

1,246 

2.206 

1,846 

1.070 

740 

680 

980 

930 

836 

900 

1,485 

1.685 

3,375 

1,805 

985 

930 

1,235 

080 

675 

555 

366 

365 

315 

275 

225 

180 
130 
130 
130 
180 
130 
130 

i:» 

130 
130 
130 
125 
100 
100 
100 
105 
210 
210 
147 
147 
130 
130 
112 
105 
105 
105 
105 
106 
110 
106 
105 

168 
216 
285 
230 
180 
168 
215 
180 
230 
280 
185 
180 
180 
215 
166 
L% 
158 
180 
166 
170 
170 
166 
186 
206 
140 
146 
123 
180 
130 
124 

125 
115 
105 
105 
160 
158 
176 
170 
112 
110 
120 
150 
137 
180 
100 
100 
160 
140 
163 
166 
250 
185 
126 
182 
516 
270 
196 
175 
180 

lor 

117 

104 

120 

120 

92 

90 

104 

84 

84 

107 

100 

88 

154 

366 

468 

364 

88 

84 

80 

84 

92 

98 

124 

97 

84 

165 

165 

120 

186 

126 

124 

179 

155 
116 
100 
105 

ni2 

112 
112 
104 
86 
100 
100 
lOT 
92 
95 
115 
115 
216 
325 
118 
179 
625 
615 
415 
435 
305 
205 
175 
127 
185 
205 

175 

186 

166 

113 

116 

113 

115 

111 

113 

127 

118 

118 

109 

102 

305 

<»6 

395 

100 

90 

90 

95 

95 

95 

895 

415 

305 

410 

396 

346 

95 

95 

805 
866 

3  

340 

4  

340 

5  

400 

6  

1,970 

7  

966 

8 

836 

9 

705 

10 

725 

11 

726 

12 

13 

640 
620 

14 

646 

15 

680 

16  

680 

17 

620 

18 

19 

640 
1,550 

at) 

1,760 

21 

1,480 

22 

066 

23 

94 

965 
735 

25 

1,665 

26 

3,990 

27 

28 

(c) 

29 

ao 

31 

Mean 

160 

581 

336 

1,062 

126 

180 

160 

140 

198 

212 

971 

a  Record  doubtful;  owing  to  ia  on  crest  of  dam. 
&  Record  donbtfnl;  flashboards  changed  frequently, 
c  Dam  and  gage  injured  in  flood. 

ORI8KANY  CREEK  AT  ORISKANY,  NEW  YORK. 

A  description  of  this  station,  as  well  as  of  a  second  station  which 
was  maintained  for  a  time  at  Coleman,  on  the  same  stream,  will  be 
found  in  Water-Supply  Paper  No.  35,  page  47.  The  Oriskany  station 
is  located  at  the  New  York  State  dam.  During  the  summer  the 
entire  flow,  less  leakage,  is  ordinarily  divei*ted  to  the  canal  feeder. 
H.  Waterbury  <fc  Company's  dam,  located  just  below  the  State  dam, 
backs  water  above  the  toe  of  the  latter  dam,  so  that  direct  measure- 
ments of  the  leakage  of  the  State  dam  can  not  readily  be  made. 
During  the  winter  and  spring  the  flow  of  the  river  is  available  for 
power  from  the  lower  dam,  but  during  the  season  of  navigation  the 
inflow  to  the  river  from  this  tributary  amounts  to  only  a  few  second- 
feet.  The  computed  flow  at  the  gaging  station  represents  the  total 
outflow  from  the  pond  above  the  State  dam,  and  includes  water 
diverted  from  Chenango  River  through  the  channel  of  Oriskany 
Creek  to  feed  Erie  Canal.  A  record  is  kept  of  the  height  of  water  in 
the  pond  above  the  dam,  and  also  of  that  in  the  feeder  channel  below 
the  head  gates.  The  observed  difference,  or  the  head  on  the  feeder 
gates,  together  with  the  area  of  the  gate  openings,  have  been  used  in 
the  formula  for  discharge  through  submerged  orifices  to  determine 
the  flow.  A  screen  rack  in  the  forebay,  just  above  the  feeder  gates, 
often  becomes  clogged  with  drift,  causing  a  loss  of  head  of  several 
inches.     In  order  that  the  correct  head  on  the  feeder  gates  might  be 
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obtained,  at  the  beginning  of  the  navigation  season  of  1900  a  gage 
was  placed  in  the  forebay  between  the  screen  rack  and  the  feeder 
gates. 

Current-meter  measurements  have   been   made   in  the   Oriskany 
feeder,  as  follows: 

»    Current-meter  measurements  in  Oriskany  feeder. 


Dnjte, 

Hydrographer. 

Measured  din-  Computed  ds- 
charge.              diarge. 

October  15,1898 

W.  D.  Lockwood 

Secoful-feei, 

49.5 

118.9 

167.9 

103.2 

Second-feet. 

48.9 

Do 

do 

119,1 

April  28, 1900 

R.  E.  Horton 

170.3 

May  29,  1900 

do 

During  the  dry  season  the  gateways  leading  to  the  feeder  are  wide 
open  and  the  water  flows  through  unobstructed,  as  in  an  open  channel^ 
so  that  the  formula  for  discharge  through  orifices  can  not  be  applied. 

In  this  connection  the  difficulties  encountered  in  gaging  the  flow  in 
canal  feeders  are  worthy  of  comment.  Broadly  speaking,  the  amount 
of  water  required  for  the  supply  of  canals  is  proportional  to  lockage 
and  evaporation  jointly,  with,  perhaps,  a  constant  factor  added  for 
seepage  losses.  As  a  matter  of  fact,  however,  the  rate  of  flow  in 
the  feeder  often  fluctuates,  within  wide  limits,  several  times  a  day. 
Usually  gates  are  placed  in  both  the  inlet  and  the  outlet  ends  of  the 
feeder  channel.  The  height  of  the  water  in  the  feeder  is  influenced 
by  the  height  of  the  water  in  the  canal  and  in  the  supply  pond  above, 
while  the  velocity  of  flow  may  be  varied  by  changes  in  the  gat-e  open- 
ings at  either  end.  Isolated  discharge  measurements  are  of  valae  in 
a  general  way,  but  it  may  be  said  that  nothing  short  of  a  continuous 
record,  both  of  the  stage  of  the  water  in  the  feeder  and  of  its  velocity 
of  flow,  will  serve  to  determine  the  actual  diversion  from  day  to  day. 

Daily  discharge,  in  second-feet ,  of  Oriskany  Creek  at  Oriskany,  New  York,  for  75:^. 

[Drainage  area,  144  square  miles.] 


Day. 

Oct.      Nov. 

Dec. 

Day. 

Oct 

Nov. 

Dec 

1 

829 
296 
274 
276 
266 
269 
267 
236 
284 
870 
740 
870 
865 
338 
862 
311 
304 

266 
269 
428 
413 
457 
445 
445 
462 
893 
888 
425 
460 
346 
160 
160 
800 
280 

1 

18 

212 
231 
»6 

248 

3a) 

360 
816 
28U 
380 
564 
457 
406 
8S9 

sas 

804 
310 
SKS 
360 
868 
800 
SM 
278 
253 
6QS 
385 

aoe 

254 

]«> 

2 

19 

S9b 

8 

20. 

I^ 

4 

21 

ai) 

6 

22 

23 

m> 

6 

8S 

7 

24 

<1«> 

8 

25 

STiS 

9              

26 

S2il 

10 

27. 

139 

11 

28 

Kl^ 

12 

29 

80 

:a& 

18 

=3> 

14 

31 

ss 

IS 

Mean.............. 

16 

388 

385 

SS7 

17 

248 
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Daily  discharge,  in  aeoondrfeet,  of  Oriskany  Creek  at  Oriskany,  New  York, for  1899* 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aa^. 

Sept 

Oct 

Nov. 

Dec. 

1 

180 
180 
195 
22U 
220 
260 
285 
220 
260 
220 
265 
255 
410 
605 
550 
506 
380 
315 
255 
200 
290 
270 
290 
200 
260 
285 
805 
340 
306 
290 
800 

157 
167 
150 
177 
167 
217 
280 
243 
277 
277 
343 
343 
864 
343 
864 
837 
848 
337 
804 
297 
890 
410 
404 
308 
287 
297 
867 
244 

495 
865 
426 
460 
910 
660 
410 
30O 
240 
215 
175 
645 
490 
340 
280 
256 
200 
230 
355 
870 
830 
285 
365 
280 
286 
240 
220 
215 
206 
190 
190 

180 

170 

100 

260 

800 

425 

625 

1,270 

770 

600 

490 

1,220 

1.440 

1,100 

910 

625 

870 

840 

290 

260 

230 

ISO 

60 

60 

60 

416 

406 

120 

386 

825 

238 
144 
180 
130 
120 
124 
122 
122 
124 
124 
28 
28 
25 
26 
80 
105 
122 
134 
139 
120 
140 
160 
140 
115 
115 
159 
144 
189 
130 
129 
184 

90 

80 

80 

80 

80 

80 

80 

80 

80 

80 

89 

94 

89 

94 

104 

101 

94 

113 

113 

118 

118 

113 

118 

118 

118 

118 

118 

113 

113 

113 

"138" 
184 
170 
104 

no 

117 
1X>4 
124 
124 
124 
2U8 
208 
197 
183 
183 
270 
270 
270 
196 
196 
196 
196 
196 
196 
196 
196 

206 
206 
167 
126 
126 
177 
177 
195 
195 
195 
195 
195 
195 
195 
206 
206 
206 
206 
206 
2U6 
206 
206 
206 
206 
206 
194 
184 
184 
184 
98 
98 

83 

87 

73 

10 

75 

108 

101 

138 

176 

180 

159 

95 

78 

87 

85 

89 

115 

123 

119 

138 

161 

129 

162 

102 

112 

181 

222 

216 

185 

206 

180 

138 

108 

99 

119 

132 

122 

138 

95 

58 

106 

97 

92 

26 

72 

45 

106 

68 

71 

48 

82 

73 

85 

88 

70 

70 

54 

158 

72 

56 

115 

320 
175 
115 
138 
144 
846 
874 
429 
864 
894 
634 
534 
664 
584 
664 
484 
624 
584 
202 
53 
124 
154 
174 
214 
174 
438 
318 
818 

90 

2 

1U9 

3 ^ 

4 

78 
108 

5 

80 

6 

7 

107 
99 

8 

40 

9 

80 

10 

10 

11 

45 

12 

840 

L3 : 

14 

830 
80 

16- 

66 

16 

80 

17 

40 

18 

65 

19 

250 

20 

180 

21 

110 

22 

60 

23 

24 

60 
70 

25 

60 

2a 

40 

80 

28 

85 

29 

80 

ao 

65 

81 

70 

296 

291 

342 

406 

119 

99 

180 

180 

126 

91 

360 

80 

Daily  discharge,  in  second-feet,  of  Oriskany  Creek  at  Oriskany,  New  York,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

• 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

1 .- 

64 

138 

81 

96 

41 

76 

54 

101 

54 

114 

56 

96 

51 

68 

81 

133 

145 

114 

546 

1,376 

576 

721 

176 

91 

481 

156 

51 

106 

91 

114 

156 

189 

212 

826 

286 

416 

802 

218 

802 

1,871 

506 

416 

139 

3,116 

454 

248 

139 

114 

76 

60 

81 

127 

170 

236 

96 

91 

56< 

170 

133 

254 

786 
876 
776 
736 
396 
766 
454 
366 
302 
218 
163 
157 
157 
139 
188 
127 
76 
170 
606 
496 
294 
326 
386 
254 
236 
183 
227 
286 
686 
846 

1,318 
1,891 
1,046 
546 
426 
916 
896 
506 
308 
206 
194 
286 
316 
254 
212 
206 
470 
1,090 
427 
315 
212 
877 
379 
200 
239 
285 
201 
288 
282 
272 

238 
192 
163 
163 
144 
183 
161 
163 
136 
133 
150 

70 
105 

94 
105 
118 
144 
171 
156 
148 
161 
115 
113 
118 

n3 

113 
113 
113 
113 
113 
113 

96 
96 
95 
96 
95 
95 
95 
97 
95 
96 
95 
96 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
97 
95 
95 
95 

no 
no 
no 
no 
no 

140 
88 
73 
104 
101 
107 
105 
106 
105 
105 
105 
105 
105 
107 
105 
107 
124 
105 
105 
114 

no 

112 

108 

33 

32 

30 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
124 
107 
108 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

no 

132 

ni 

100 
100 

82 
74 
76 
84 
66 
81 
85 
85 
61 
73 
73 
61 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
76 
85 
85 

70 
70 
70 
70 
70 
70 
70 
175 
66 
68 
75 
75 
75 
75 
78 
84 
81 
78 
80 
80 
75 
75 
77 
83 
75 
75 
103 
100 
100 
100 
191 

186 
191 
186 
117 
122 

73 

95 
101 
105 

35 
185 
151 
106 
113 
136 

96 
113 
114 

81 
127 
127 

78 
158 
161 
480 
2,502 
867 
342 
242 
297 

250 

2 

3 

205 
185 

4 

175 

6 

607 

6 

427 

7 

330 

8 

9 

10 

285 
205 
177 

11 

202 

12 

147 

13 

292 

14 

142 

15 

112 

16 

157 

17 

202 

18 

217 

19 

217 

30 

21 

337 

277 

32 

242 

33 

272 

24 

1,172 

25 

427 

38 

242 

27 

217 

28  

172 

29 

172 

30 

102 

31  

177 

Mf«n ., 

199 

378 

386 

488 

136 

95 

100 

103 

73 

85 

265 

272 

48 


OPERATIONS   AT   BIVBB   STATIONS,   1900. — PART   I.        [hoC. 


SAUQUOIT  GREEK   AT  NEW  YORK  HILLS,  NEW  YORK. 

A  description  of  this  station  will  be  found  in  Water-Supply  Paper 
No.  35,  page  48.  During  the  summer  little  water  flows  over  the  dam, 
the  entire  volume  being  used  to  drive  the  water  wheels  in  the  adjoin- 
ing cotton  mills.  The  leakage  of  the  dam  was  measured  by  current 
meter  on  May  31,  and  was  found  to  be  5.6  second-feet. 

This  station  was  discontinued  October  1,  1900. 

Daily  discharge,  in  second- feet,  of  Sauquoit  Creek  at  New  York  MiUs,  New  York, 

for  1898. 
[Drainage  area,  62  square  milee.] 


Day. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

16 

•7 

37 

16 

31 

54 

35 

28 

♦28 

35 

52 

46 

46 

46 

144 

♦80 

105 

42 
48 
88 
86 
82 

♦W 
38 
86 
88 

182 

140 
58 

♦69 
62 
62 
49 
49 

49 
44 
34 

♦60 
46 
42 
44 
49 
42 
28 

♦22 
42 
42 
36 
37 
42 
34 

18 

105 
60 
86 
88 
42 

♦78 
71 
48 
59 

140 
74 
68 

♦66 
57 

48 
48 

♦95  1 
46 
61 
69 
76 
42 
68 

•68 
36 
43 
42 

♦80 

8 

19 

4S 

8 

flO 

18 
26 
18 
16 
22 
♦37 
30 
40 
40 
80 
21 

» 

4 

81 • 

22 

76 

5 

Bt 

0 

23 

a«^ 

7 

»4 

25 

s» 

8 

♦76 

9 

26 

e 

10 

27 

m 

11 

28 

28 :.... 

a)-, 

31..! 

4i 

12 

at 

13 

U 



74 

16 

Mean 

16 

27 

56 

57 

67 

17 

♦  Snnday. 

Daily  discharge,  in  second-feet,  of  Sauquoit  Creek  at  New  York  MUls^  New  York, 

for  1899. 


Day. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

30 

21 

22 

33 

34 

26 

26 

27 

28 

29 

80 

81 

Mean 


Jan. 


♦73 

l.')8 
68 

111 

140 
74 
50 

♦13 
56 
i» 
30 
36 
54 
41 

^86 
67 
68 
48 
30 
36 
42 

♦13 
48 
52 
44 
44 
43 
14 

♦59 
36 
30 


68 


Feb. 

Mar. 

42 

77 

86 

48 

38 

48 

18 

42 

♦40 

♦480 

86 

109 

36 

72 

26 

73 

30 

62 

21 

60 

6 

85 

♦85 

♦300 

da 

87 

36 

86 

29 

82 

29 

71 

33 

60 

37 

43 

♦13 

♦447 

48 

80 

68 

66 

409 

87 

100 

90 

62 

90 

50 

66 

♦65 

♦95 

173 

69 

62 

79 

76 

71 

78 

68 

111 

Apr. 


46 

♦40 

67 

73 

104 

166 

188 

47 

♦166 

100 

144 

160 

686 

360 

2S3 

♦228 

123 

118 

119 

98 

90 

63 

♦86 

69 

80 

76 

68 

54 

43 

♦60 


127 


May. 

Jane. 

July. 

Aug. 

66 

42 

13 

17 

60 

34 

(•) 

11 

48 

18 

37 

48 

m 

♦30 

10 

80 

33 

42 

30 

12 

28 

56 

27 

(♦) 

♦36 

48 

18 

36 

47 

3R 

16 

35 

36 

^ 

♦25 

23 

26 

34 

31 

80 

♦13 

30 

35 

60 

28 

27 

14 

25 

30 

19 

(♦) 

♦9 

19 

22 

25 

47 

30 

13 

22 

36 

34 

*80 

18 

53 

38 

23 

'*5 

47 

♦7 

27 

18 

51 

30 

27 

6 

52 

80 

19 

(*) 

♦12 

23 

11 

22 

53 

21 

3 

19 

35 

25 

(♦) 

16 

3ft 

23 

27 

6 

29 

♦23 

80 

15 

33 

36 

23 

10 

20 

20 

27 

(•) 

♦40 

19 

11 

22 

42 

30 

14 

80 

42 

31 

(•) 

18 

43 

37 

5 

38 

33 

30 

16 

Sept. 


18 
5 

(♦) 


Oct.    Not.  Dec. 


33 
83 
6 
21 
12 

(♦) 
23 
19 
19 
8 
5 
15 

(•) 
19 
19 
18 
14 
21 
10 

(♦) 
22 
15 
22 
18 
18 
10 


( 


14 


•) 
29 
24 
21 
15 
16 
8 

♦18 
18 
18 
18 
18 
16 
7 

♦18 
18 
15 
16 
18 
14 
12 

♦18 
24 
18 
22 
19 

15 

•» 

♦19 
33 


53  '  t» 

42  :  8 

21  .  'sa 

96  S 

•29  S 


^ 
24 

19 
29 
•29 
29 
8ft 
24  > 

S  ' 

SI 
♦24 


21 
18 
♦22 
2ft 
24 
21 

n 


17 


U 

12 

♦14 

H 

64 

SS 

S 

8& 

•-S 

£ 

42 
54 

3S 

« 
3 
16 
l> 
B 
♦U 


♦  Sunday. 
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Daily  discharge^  in  seoondrfeet,  of  Sauqdoit  Creek  at  New  York  Mills,  New  Yark^ 

for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug, 

Sept. 

1 

86 
46 
46 
40 
40 
17 

•26 
50 
36 
42 
40 
46 
18 
•9 
50 
43 
50 
50 

306 

272 

♦117 

92 

97 

115 
96 
65 
22 

♦68 
83 
91 
63 

87 

rr 

97 

♦46 

60 

T2 

67 

147 

495 

66 

♦67 

172 

1.413 

130 

92 

68 

37 

♦66 

74 

68 

68 

379 

392 

34 

♦13 

80 

47 

74 

09 
81 
35 

♦21 
81 
74 
89 
89 
86 
38 

♦17 
74 
74 
68 
68 
63 
42 

♦13 
68 

371 
95 
93 
99 
65 

♦67 
89 
68 
87 
86 

199 

166 

♦207 

337 

267 

136 

185 

91 

269 

♦207 

108 

87 

87 

118 

96 

87 

♦135 

85 

207 

297 

170 

95 

193 

♦296 

95 

103 

91 

87 

87 

49 

♦65 

91 

81 
81 
81 
87 
30 

♦48 
87 
81 
81 
74 
77 
41 

♦56 
87 
66 
26 
85 
86 
24 

♦29 
35 
35 
85 
36 
35 
14 

♦83 

28 

22 

5 

85 

42 

20 
•29 
42 
42 
35 
29 
40 
24 
♦17 
42 
46 
41 
25 
32 
24 
♦5 
29 
41 
38 
38 
25 
27 
♦5 
82 
38 
25 
82 
67 
33 

♦6 
88 
88 
5 
88 
86 
84 
♦9 
65 
65 
28 
82 
32 
22 
♦6 
42 
35 
35 
28 
32 
83 
♦5 
88 
38 
48 
42 
82 
22 
♦5 
88 
35 

28 
28 
34 
10 
♦5 
30 
28 
28 
20 
17 
16 
♦5 
23 
20 
17 
20 
20 
37 
♦5 
30 
18 
20 
17 
17 
18 
♦5 
80 
87 
35 
35 
37 

27 

2  

♦5 

3 

6 

4 

23 

5 

23 

6 

17 

7 

20 

8 

26 

9 

♦5 

10 

28 

11 

12 

37 
5 

13 

5 

14  

10 

15 

17 

16 

17 

♦5 

^   18 

18 

17 

17 

20 

17 

21 

17 

22 

13 

23 

♦9 

24 

13 

25 

17 

26 

18 

17 

28 

13 

29 

13 

30 

♦5 

31 

72 

146 

84 

138 

49 

32 

32 

22 

15 

♦  Sunday. 
WEST  CANADA  CREEK  AT  TWIN  ROCK  BRIDGE,    NEW  YORK. 

Twin  Rock  Bridge  crosses  West  Canada  Creek  2  miles  above  Hinck- 
ley, at  practically  the  point  of  emergence  of  the  stream  from  the 
Adirondacks.  The  bridge  is  of  iron,  has  two  spans,  and  is  167.5  feet 
long  between  abutments.  The  stream  bed  is  of  gravel  and  rock,  and 
the  conditions  are  nnusually  favorable  for  a  current-meter  station.  A 
gage  board  was  set  and  a  record  commenced  on  September  7, 1900.  The 
gage  is  read  at  7  a.  m.  and  at  6  p.  m.  each  day,  and  the  average  of 
the  two  daily  readings  is  given  in  the  appended  table.  A  current- 
meter  measurement  made  on  September  7  showed  the  discharge  to  be 
182  second-feet.     The  gage  reading  was  0.37  foot. 

The  record  at  Twin  Rock  Bridge  is  kept  by  the  Utica  Electric  Light 
and  Power  Company.  This  company  is  erecting  a  power  plant  at 
Trenton  Falls,  4  miles  farther  downstream.  A  concrete  dam  has 
been  constructed,  which  will  give  a  head  of  265  feet  on  the  turbines, 
vehieh  are  of  special  design.  It  is  the  intention,  after  the  plant  is 
completed,  to  keep  a  continuous  record  of  the  amount  of  water  used 
by  the  turbines  and  of  the  flow  over  the  spillways. 
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OPEBATIONS   AT  BIYEB  STATIONS,   1900. — ^PART    I.         [3ro.C. 


The  drainage  areas  at  the  different  gaging  stations  are  as  follows: 

Drainage  areas  of  West  Canada  Creek, 

SquBre  milea. 

At  month --.  569 

At  MiddleviUe 519 

At  Trenton  Fallfl 375 

At  Twin  Rock  Bridge --  252 

Daily  gage  height^  in  feet,  of  West  Canada  Creek  at  Twin  Rock  Bridge,  New  York, 

for  1900. 


Day. 

Sept. 

Oct 

Nov. 

Doc. 

Day. 

Sept 

Oct 

Not. 

Dec 

1 

0.86 
.76 
.65 
.70 
.00 
.66 
.66 
.86 
.75 
.90 
.85 
.70 
.00 
1.26 
l.SO 
1.10 

0.90 
1.00 
1.10 
1.06 
1.16 
1.70 
4.66 
4.26 
3.05 
1.45 
2.05 
1.90 
1.56 
1.00 
1.60 
1.60 

1.00 
1.86 
2.00 
1.90 
1.76 
1.56 
1.40 
1.40 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 

17 

0.45 

.80 

.80 

1.05 

2.90 

2.86 

1.60 

.95 

1.10 

.90 

.96 

1.00 

.85 

.90 

1.06 
1.00 
.96 
1.15 
.02 
.00 
2.30 
2.45 
1.75 
1.70 
2.55 
1.95 
1.15 
1.20 
1.50 

1.50 
1.80 
5.90 
5.W 
5.30 
4.45 
a75 
2.00 
6.25 
6.20 
4.40 
a65 
1.90 
1.70 

LSD 

2 

18 

LS) 

8 

19 

i.m 

4 

20..  

21 :.. 

1.50 

5 

1.30 

6 "! 

22 

1.51^ 

7 

23 

L75 

8 

24 

1.70 

0 

0.85 
.82 
.35 
.32 
.36 
.36 
.88 
.78 

25 

1.65 

10 

20 

1.00 

11 

27 

L5$ 

12 

28 

29 

l.SO 

13 

l.» 

j4 

30 

16      

31 

16 

WEST  CANADA  CREEK  AT  MIDDLEVILLE,  NEW  YORK. 

A  description  of  this  station  will  be  found  in  Water-Supply  Paper 
No.  35,  page  49.  In  the  past  the  principal  element  of  uncertainty 
with  regard  to  this  record  was  considered  to  be  the  leakage  of  the 
dam,  etc.,  which  had  been  taken  at  50  second -feet.  Current-meter 
measurements  were  made  on  September  10, 19(K),  to  determine  the  leak- 
age of  the  dam  and  the  low- water  flow  of  the  stream  at  this  station, 
with  the  following  results: 

Second- 
feet 

Highway  bridge  below  dam ,  measured  flow  in  main  stream  channel .  1 13 
Measured  flow  in  hydraulic  canal 133 

Total  flow  by  current-meter  measurements 245 

The  calculated  flow  from  the  gage  record  is  as  follows: 

Second- 
feet 

Flow  over  dam,  gage  reading  0.67  foot 60 

Leakage  previously  estimated .  50 

Total  flow  in  main  channel 110 

Calculated  diversion  to  water  wheels 181 

Total  estimated  flow 241 

Unfortunately  no  current-meter  measurements  to  check  the  calcu- 
lated flow  during  high  water  have  been  made.  The  highest  water 
observed  was  in  August,  1898,  when  it  reached  a  depth  of  5.5  feet  on 
the  crest  of  the  MiddleviUe  dam.  The  discharge  at  that  time  can  not 
accurately  be  estimated,  as  a  part  of  the  water  flowed  around  the  end 
of  the  dam  and  passed  overland  to  the  stream  channel  below.  High- 
water  marks  at  the  Newport  dam  indicate  that  the  spring  freshet  dis- 
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charge  has  been  as  great  as  22,000  secoiid-feet,  or  46.6  second-feet  per 
square  mile,  from  a  drainage  area  of  472  square  miles.  The  lowest 
water  in  this  stream  occurs  on  Sundays,  when  the  flow  is  held  back, 
as  pond  storage,  by  dams  above  Middleville.  Aside  from  this,  the 
most  notable  low- water  period  was  September  2  to  12,  inclusive,  1899, 
the  mean  flow  at  Middleville  for  eleven  days  being  183  second-feet 
per  square  mile. 

Daily  discharge^  in  second-feet,  of  West  Canada  Creek  at  Middlemlle,  New  York, 

for  1898. 

[Drainage  area,  619  square  milee.] 


Day. 


1 

2 

3 

>•>• >••» 

4 

5 

6 

7 

1,66S 

8 

9 

407 
*4(H 

10 

398 

11 

447 

12 

4«1 

13 

481 

14 

569 

15 

2,152 

16 

*1,894 

17 

1,263 

Oct. 


Nov. 


Dec. 


777 

660 

670 

580 

684 

660 

605 

♦639 

450 

680 

♦550 

651 

911 

588 

626 

465 

711 

483 

1,679 

624 

4,240 

♦519 

4,163 

531 

•2,410 

552 

1,318 

742 

1,071 

1,123 

788 

1,362 

816 

1,413 

Day. 


18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mean 


Oct. 

Not. 

068 

762 

783 

800 

689 

•970 

737 

904 

981 

801 

♦1,894 

090 

1,758 

983 

1,299 

775 

1,056 

602 

2,486 

•740 

2,554 

1,224 

1,680 

670 

♦1,129 

713 

979 

1,161 

1,110 

Dec. 


♦1,849 
1,374 
1,469 
1,288 
1,614 
2,072 
2,088 

♦1,730 
1,425 
1,181 
892 
711 
1,082 
1,492 


1,024 


♦  Sunday. 


Daily  discharge,  in  secondffeet,  of  West  Canada  Creek  at  Middleville,  New  Yorky 

for  1899. 


Day. 


1 

3 

4 
5 
6 
7 


Jan. 


•1,216 
1,241 
1,378 
1,376 
3,445 
3,500 
1,858 
8 ♦^SIS 


9 

10-.., 
11.... 
I2-... 
13.-.. 
14.... 
15..-. 

16 

17..- 

18 

19 

ao 

21--.. 

22 

23 

24 

25 

2» 

27 

28 

29 

30 

31 


Mean 


1,173 

782 

462 

786 

1,119 

1.132 

•1,615 

1,760 

1,771 

1,1U2 

621 

619 

563 

♦535 

568 

616 

701 

763 

640 

626 

♦605 

818 

1,010 

1,150 


Feb. 


1,135 
1,205 
1,335 
1,340 

•1,292 
1,208 
1,101 
1.172 
987 
1,535 
1,350 

•1,600 
1,418 
1,227 
1,666 
2,640 
2,500 
2,111 

•2,410 
1,562 
1,816 
1.966 
2,044 
1,764 
1.660 

•1,490 
1,564 
1,444 


Mar. 


1,504 


1,563 

1,354 

1,208 

1,191 

♦1,348 

1,685 

1,885 

1,207 

942 

812 

751 

♦1.340 

1,724 

1,632 

1,181 

1,071 

814 

944 

♦1,080 

1,175 

1,555 

1,412 

1,179 

1,180 

1,203 

•1,313 

764 

795 

762 

685 

758 

1,176 


Apr. 

May. 

Jane. 

821 

2,979 

1,114 

•523 

4,760 

763 

620 

2,696 

593 

622 

2,785 

♦550 

680 

1,926 

531 

680 

1,455 

480 

748 

♦1,238 

294 

1,607 

1,187 

314 

♦1,503 

2,170 

268 

1.601 

1.422 

182 

1,588 

1,073 

•130 

2,230 

1,189 

285* 

2,465 

1,003 

297 

3,228 

♦995 

248 

3,582 

1,196 

753 

•3,513 

888 

839 

3.549 

1,143 

499 

3,751 

1,064 

♦320 

4.477 

1,183 

339 

5,717 

1,633 

331 

6,564 

♦1,240 

37:3 

5,381 

1,274 

346 

•6,083 

996 

263 

5,956 

884 

203 

5,904 

844 

♦155 

6,994 

801 

283 

6,208 

728 

273 

5,779 

♦810 

280 

4,069 

1,255 

308 

•4,613 

1,179 
1,191 

275 

3,365 

1,466 

397 

July. 


198 

♦140 
200 
116 
240 
240 
256 
204 

♦675 
993 
807 
443 
445 
343 
286 

♦430 
600 
560 
479 
346 
827 
225 

♦140 
241 
241 
241 
244 
:s39 
171 

♦116 
234 

324 


Aug. 

Sept. 

278 

257 

292 

191 

345 

♦145 

316 

145 

237 

210 

♦155 

205 

286 

195 

262 

219 

256 

169 

242 

♦145 

246 

188 

214 

201 

♦125 

221 

254 

20:3 

216 

2rj4 

253 

189 

239 

♦145 

235 

197 

174 

21)8 

♦110 

213 

221 

239 

246 

238 

257 

204 

229 

♦145 

254 

209 

188 

476 

♦110 

433 

256 

248 

247 

213 

262 

386 

269 

235 

221 

Oct 


♦480 
510 
470 
436 
337 
253 
288 

♦190 
232 
220 
234 
210 
230 
219 

♦140 
241 
238 
285 
217 
152 
261 

♦190 
245 
Z25 
238 
231 
267 
224 

♦965 

1,040 
620 

324 


Nov. 

Dec. 

1,281 

380 

2,867 

680 

1,744 

♦no 

1,199 

710 

♦1,040 

618 

881 

640 

469 

1.750 

542 

1,670 

482 

840 

390 

♦700 

420 

640 

♦410 

3,150 

842 

4,710 

313 

2,530 

872 

740 

343 

840 

368 

♦640 

3?^ 

1,060 

♦220 

1,880 

.      387 

3,520 

310 

2,630 

368 

1,400 

293 

990 

273 

♦1,150 

2ra 

900 

«249 

840 

312 

580 

292 

540 

310 

640 

310 

540 

♦860 

577 

1,269 

♦  Sunday. 
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Daily  discharge^  in  seecmd-feeU  of  "West  Canada  Creek  at  MiddleviOe,  New  York, 

for  1900. 


Day. 

Jan. 

May.a 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

1 

824 

722 

964 

1,001 

1,219 

1,227 

♦1,240 

1,2a 

1,166 

1,106 

972 

987 

990 

•966 

1,011 

1,061 

1,068 

1,442 

2,440 

1,486 

•2,680 

2,403 

2,006 

2,874 

2.896 

2,008 

2,394 

•730 

870 

780 

680 

"i,"e67" 

1,648 
1,228 

•1,429 
1,087 
1,281 
1,089 
1,127 
1,268 
1,206 

•1,862 
969 

7a 

637 
606 

5a 

437 
•390 
466 
423 
880 
413 

415 
858 

•630 
490 
624 
622 
491 
667 
676 

•480 
536 
495 
420 
412 
868 
341 

•284 
382 
889 
834 
281 
816 
288 

•284 
273 
219 
306 
326 
620 
481 

•820 
888 

881 
830 
299 
289 
358 

•800 
523 
448 
464 
538 
442 
860 

•320 
439 
424 
517 
623 
487 
547 

•630 
488 
349 
511 
636 
567 
446 

•373 
481 
886 

362 
460 
450 
315 

•190 
249 
235 
206 
205 
168 
200 

•868 
437 

9n 

1,021 

1,516 

541 

490 

•370 

415 

8a 

327 
269 
268 
388 
•320 
506 
551 
674 
509 
534 

457 

•320 
450 
453 
404 
494 
684 
421 

•280 
401 
398 
324 
278 
270 
176 

•186 
2S7 
266 
282 
291 
321 
818 

•947 
940 
606 
674 
464 
364 
286 

•320 

470 
460 
426 
401 
336 
219 

•198 
368 
467 
404 
839 
327 
330 

•280 
676 
726 
646 
466 
466 
324 

•170 
290 
299 
778 
968 
727 
461 

•460 

464 

•   454 

694 

4fiO 

380 

285 

•270 

270 

340 

300 

880 

l.UlO 

1,010 

•TOO 

580 

430 

430 

430 

340 

34b 

•410 

580 

1,430 

2,900 

2,830 

2.340 

l.«00 

•a.L30 

5,980 

5.870 

2.WJ0 

1.980 

1,686 

i,5i: 

2 

♦1.SS 

8 

1.(65 

4 

lATt 

6 

l.£^ 

6 

1.335 

7 

l.<m 

8 

1,<WJ 

9 

*MS 

10 

er: 

11 

5:3 

12 

4(9 

18 

4!Q 

14 

4lQ 

15 

30 

16 

•3W 

17 

4» 

413 

19 ^ 

20 

46S 

21 

564 

22 

59 

23 

•.W 

812 

25 

94:* 

26 

tSK 

27 

911) 

28 

911) 

29 

900 

30 

81 

•1,(BB 
9» 

Mean :.... 

1,366 

924 

406 

461 

463 

419 

448 

1,638 

80O 

a  No  record  for  Febmary,  March,  and  April. 
•Sunday. 

MOHAWK  RIVER  AT  LITTLE  FALLS,   NEW   YORK. 

This  gaging  station,  which  has  been  described  in  Water-Supply 
Paper  No.  35,  page  51,  is  located  at  the  lower  (Gilbert's)  dam  at  Little 
Falls.  Current-meter  measurements  have  been  made  to  check  the  cal- 
culated flows,  with  very  satisfactory  results.     They  are  as  follows: 

Seoond- 
feet 

October  20  to  21,  1898,  at  suspenBion  bridge  2  miles  below  Little  Falls, 
W.  D.  Lockwood,  hydrographer: 

Total  flow  by  current  meter 1,758 

Computed  flow  (mean  of  two  days) 1,733 

May  1, 1900,  at  suspension  bridge  2  miles  below  Little  Falls,  B.  E.  Horton, 
hydrographer: 

Total  flow  by  current  meter 4,773 

Computed  flow  over  dam 4,060 

Compnted  diversion  to  Gilbert's  mill 183 

Computed  diversioD  to  paper  mill 556 

Total  compnted  flow  4,799 

May  23,  1900,  at  Astronga  Bridge,  Little  Falls,  B.  K  Horton,  hydrog* 
rapher: 

Total  flow  by  current  meter 1,567 

Computed  flow  oyer  dam 950 

Computed  diversion  to  Gilbert's  miU 176 

Compnted  diversion  to  paper  mill 405 

Total  computed  flow ,  1,531 
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Diversion  to  paper  mill,  September  19, 1900: 

Metered  flow  in  headrace 

Compated  flow  through  tnrbines,  etc. . . 


302 

288 


There  are  three  dams  at  Little  Falls.  The  two  lower  are  used  for 
water-power  development;  the  upper  one  is  a  State  dam,  diverting 
water  for  the  supply  of  Erie  Canal.  The  gage  record  kept  at  the 
lower  dam  shows  the  amount  of  water  flowing  downstream  from  Little 
Falls,  but  does  not  include  the  diversion  iat  the  State  dam  above  the 
gaging  station,  and  hence  does  not  represent  the  total  yield  or  inflow 
from  the  tributary  drainage  area  of  1,306  square  miles. 

Current-meter  measurements  were  made  in  the  feeder  channel  below 
the  State  dam,  as  follows: 

Current-meter  measurements  in  feeder  channel  below  State  dam. 


Date. 


moo. 


May  2:^ 

September  19 


Measured 
diversion. 


Second-feet. 
143 
179 


Adding  the  foregoing  amounts  to  the  mean  daily  flow  at  Gilbert's 
dam  for  the  name  dates,  we  obtain  the  following: 

Volumes  of  inflow  and  outflow  at  Little  FaUs  diversion. 


Date. 


.1900. 


Total  In- 
flow at  Lit- 
tle Falls. 


May  23 

September  19 


Second-feet. 
1,696 
693 


Outflow  in 

main 

channel. 


Second-feet. 
1,453 
514 


Water  is  again  diverted  to  the  canal  at  Fivemile  dam,  below  Little 
Falls.  On  November  3,  1900,  the  measured  flow  in  this  feeder,  at 
Lansing's  farm  bridge,  was  236  second-feet. 

High  water  occurred  at  Little  Falls  as  follows: 

High  water  at  Little  FdUs, 


Date. 


/ 


April  15, 1899. 
April  20, 1900 


Depth  of 

water  on 

crest  of 

dam. 


f^et. 
7.33 
8.21 


Volume. 


Second-feet. 
13,000 
15,240 


8ec.-ft.per 
sq.  mue. 

10.0 
11.7 
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The  most  notable  low-water  jwriod  was  August  3  to  August  10, 
inclusive,  1899,  the  mean  flow  for  eight  days  Iteing  only  120  second- 
feet,  or  0,07  second-foot  per  square  mile. 

DaUy  di»charge,inaeamd'feet,of  Mohawk  River  at  lAttle  Falls,  New  York. for  /.Cw'. 
IDTkiiWffearea.  1.300  Bquue  miles.) 


D.r. 

Sopt. 

-■!» 

ov. 

Dec.     '            D&7. 

S«pt. 

Ort. 

Nov, 
2.0) 

If 

S.7H 
3.0M 
2,538 

11 

D«- 

safi     I 

1.827     • 
BOO      H 

ill 

IZ  1 

m 
seu 

BOl 
TOO 

s 

3*6 

.HI 

1 

.48t 

18 

li 

fl,ies 

in 

|............... 

"i.iiB- 

•  '.cm 

,718 

■g 

laao 

.!5 

3,K1 

Mean 

!,sre 

2.UG 

£.»l 

j.» 

Daiitfdi«cAa7ye;miiecored-/eet,  o/JUbAaiofc  JIii!iera(M((feRiU»,  Jfew  York,  for  18S?. 


.7- 

Jnne. 

Jnly 

AnB.    Sept. 

Oct 

Ko..     !>« 

J 

B78 

T04 

«W 

i:»ffl 

■SK 

«51 

1,014 

808 

»|» 

5» 

i.aw 

IW 
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Daily  discharge^  in  seaxnd-feet,  of  Mohawk  River  cd  Little  FaUa,  New  York,  for  1900, 


Day. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

ao 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

81 

Mean 


Jan. 


596 

961 

1,040 

1,040 

008 

578 

♦180 

1,502 

1,966 

1,921 

!  1.7?2 

l,r26 

1,576 

•i.rai 

1,636 
1,496 
1,455 
1,455 
1.592 
4.302 

*7,291 
7.194 
7,736 
6,150 
4,740 
4,670 
4,242 

♦1,528 
2, 176 
1.772 
1,496 


2,523 


Feb. 


1,604 

1,372 

1,251 

♦421 

1.467 

1,682 

1.694 

1,814 

4,712 

5.053 

•3,449 

5,305 

10,192 

11.128 

11,642 

8,292 

8,961 

♦3.671 

3,678 

2.384 

1,968 

2,386 

4,308 

3,614 

♦1,681 

1,592 

1,456 

1,541 


3,862 


Mar. 


1,454 
1,496 
1,539 

♦1,001 
2,228 
2,013 
1,967 
2,126 
2,228 
2,250 

♦1,889 
2.013 
1,818 
1,875 
1.818 
1,728 
1.606 

♦1.380 
1,496 
1,987 
3,345 
3,740 
3,740 
4.185 

♦3,720 
3,405 
3,090 
3,090 
3,160 
4,283 
5,024 


2,469 


Apr. 


♦5,785 

8,497 

10,124 

9,162 

8,114 

7,996 

9,908 

♦10,066 

8,587 

6,060 

5,068 

4,532 

4,304 

4,2(y? 

♦4,607 

5,672 

7,281 

11.128 

13,542 

15.242 

15,082 

♦11,276 

10,624 

9,487 

8,497 

7,282 

6,921 

5,490 

♦4,559 

4,672 


8,142 


May. 


4,673 
4,510 
4,362 
4.014 
3,774 

♦2.443 
1.658 
1,698 
2,304 
2.591 
2.596 
2.;») 

♦2,132 
1.462 
1,859 
1.732 
1,927 
1,778 
1,882 

♦1,745 
1,732 
1,637 
1,453 
1,463 
1,166 
1,085 

♦1,014 
751 
751 
728 
723 


2,068 


June. 


646 

761 

♦1,119 

1,346 

1,174 

1.014 

760 

1,214 

1,643 

♦1,283 

1,134 

1.134 

864 

864 

896 

801 

♦565 

702 

699 

661 

660 

579 

437 

♦72 

474 

800 

474 

474 

674 

740 


801 


July.  Ang. 


♦895 

1,058 

1.804 

811 

644 

605 

788 

♦685 

1,048 

876 

764 

754 

694 

666 

♦546 

668 

724 

896 

754 

794 

1,170 

♦1,480 

1,068 

696 

1,424 

2,100 

1,808 

1.384 

♦1,262 

874 

AQA 


948 


481 

609 

616 

899 

♦93 

284 

274 

106 

874 

462 

163 

♦181 

865 

2,041 

2,370 

1,434 

1,064 

874 

♦746 

651 

494 

404 

409 

475 

527 

♦706 

689 

667 

1,256 


Sept. 


721 


694 


629 

♦646 
465 
508 
603 
608 
629 
288 

♦8S6 
204 
826 
200 
483 
616 
377 

♦461 

516 

713 

501 

402 

500 

1,777 

♦1,380 

053 

1,034 

016 

810 

014 

652 

♦668 


680 


Oct. 


667 

•  840 

881 

400 

401 

498 

♦282 

449 

666 

747 

747 

499 

508 

♦460 

601 

1,231 

1,082 

988 

881 

785 

♦622 

564 

643 

1,114 

2,187 

1,884 

1,470 

♦1,366 

1,632 

1.882 

1,102 


800 


Nov. 


1,280 
1,280 
1,107 

♦1,264 

885 

920 

082 

8,860 

6,835 

8,837 

♦2,678 
1,001 
1,738 
1,600 
1,508 
1,368 
1,207 

♦1,886 

1,  iWD 

8,929 

6,057 

6,858 

4,515 

3.417 

♦8,094 

12.068 

14,551 

18,520 

8,616 

4,784 


8,864 


Deo. 


4.846 

♦4,027 
3,200 
3,100 
6,316 
5.504 
6,727 
5,620 

♦4,785 
2,570 
2,662 
2,388 
2,388 
2,178 
1,586 

♦1,866 
1,680 
2,230 
1,885 
2,861 
2,180 
1,961 

♦1,828 
8,600 
5,201 
6,177 
4,143 
3,007 
2,606 

♦1,000 
2,160 


8,240 


♦ Sunday. 


EAST  CANADA  CREEK  AT  DOLGEVIIiLE,  NEW  YORK. 

A  description  of  this  station,  together  with  the  estimated  daily  dis- 
charge as  originally  computed,  June  to  December,  1899,  will  be  found 
in  Water-Supply  Paper  No.  35,  page  52.  A  new  rating  table  for  the 
dam  has  been  prepared,  using  coeflftcients  of  discharge  derived  from 
Freeman's  experiments  on  a  model  of  the  round-crested  portion  of  the 
Croton  dam,  which  apparently  corresponds  closely  with  the  ogee  sec- 
tion of  the  Dolgeville  dam,  as  regards  friction  on  the  crest,  vertical 
contraction  of  the  nappe,  and  siphonage.^ 

In  computing  the  record  here  given,  the  new  rating  table  has  been 
used,  beginning  June  1,  1899.  The  flow  through  the  turbines  has 
also  been  computed  from  current-meter  measurements  made  in  the 
tailrace  of  the  electric  power  plant,  instead  of  from  the  observed  head 
and  the  gate  openings  of  the  water  wheels,  as  formerly.  The  effect 
of  these  changes  has  been  to  slightly  increase  the  extreme  high- water 
and  low-water  flows,  the  estimated  flow  for  mean  stages  remaining 
substantially  the  same. 

1  See  Report  on  New  York's  Water  Supply,  made  to  Bird  S.  Color,  comptroller  (1000),  by  John 
B.  Freeman,  p.  187. 
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Current-meter  measurements  were  made  from  the  bridge  acroes 
the  tailrace  below  the  power  plant,  as  follows: 

Current-meter  mecLSurements  of  jlow  in  taUrace  at  DolgeviUe  eHeetrie-light  and 

power  dam. 


Date. 


May  22.. 
July  27 . . 
July  29  . . 
August  9 


1900. 


Flow  in  tail 
race. 


Second-feet. 

84 

76 

63 

80 


Oate  qpen- 
inffdras- 

mch 
wheels. 


Percent 

0.50 

.38 

.28 

.38 


Wheel 


Na2. 
No.  8. 
No.  I. 
No.  1. 


Only  one  of  the  two  36-inch  Victor  turbines  was  running  in  each 
instance,  together  with  the  15-inch  exciter  wheel.  The  depths  of  gate 
openings  of  the  36-inch  wheels  are  shown  in  the  forgoing  table.  The 
15-inch  exciter  wheel  ran  at  thirteen-hundredtlis  gate  in  each  case. 
The  head  on  the  wheels  was  72  feet.  Observations  of  the  wheel-gate 
openings  were  taken  at  the  beginning  and  end  of  each  test,  and  the 
average  is  given  in  the  table. 

The  results  of  the  current-meter  measurements  of  the  total  flow  of 
the  stream  have  been  given  in  the  general  table  on  page  39. 

The  relation  between  the  metered  and  calculated  flows  on  different 
days  is  shown  in  the  following  tables,  from  gage  readings  taken  at 
the  time  the  measurements  were  made: 

Current-m^ter  measurements  of  East  Canada  Creek. 


Date. 


1900. 

May  22 

July27 

August  7 


Flow  in  tail 
race. 


Second-feet. 
84 
76 
80 


Flow  over 
dam. 


Second-feet. 
328 
376 

a28 


Total  flow. 


Second-feet. 
413 
452 

108 


a  Measared  In  stream  channel  above  point  of  confluence  with  tailraoe. 
Calculated  flow  of  East  Canada  Creek. 


Date. 


1900. 

May  22 

July  27 

August7 


Crest  gage 
reading. 


Feet. 
0.69 
.79 
.20 


Flow  over 
dam. 


Second-feet. 
282 
362 
29 


Flow  in  tail- 
race. 


Second-feet. 
84 
84 
78 


Total  flow. 


Second-feet. 
366 
446 
107 


In  the  first  two  cases  the  total  flow  was  measured  at  the  Dolgeville 
bridge  above  the  dam,  and  the  difference  between  the  observed  and 
calculated  flows  in  the  flrst  instance  is  probably  due  to  pond  storage. 

The  accompanying  tables  of  mean  daily  flow  show  the  amount  of 
water  passing  down  the  stream  from  the  dam  each  day,  with  the  excep- 
tion of  Sundays,  for  which  the  flow  has  been  taken  as  a  mean  between 
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.that  of  the  preceding  and  following  days.     Dams  on  this  stream  are 

not  numerous,  nor  is  there  extensive  pond  storage,  so  that  the  tables 

may  be  taken  as  a  fair  representation  of  the  natural  regimen  of  flow. 

The  highest  water  observed  was  on  AprU  19,  1900,  when  a  depth  of 

4.5  feet  on  the  crest  of  the  dam  was  reached,  corresponding  to  a  flow 

of  5,750  second-feet,  or  22.6  second-feet  per  square  mile.     The  most 

notable  low- water  period  was  September  13  to  16,  inclusive,  1899,  when 

the  average  volume  of  flow  was  67  second-feet,  or  0.3  second-foot  'per 

square  mile. 

Daily  discharge^  in  second-feety  of  East  Canada  Creek  at  DolgevUle,  New  York, 

for  1898, 

[Drainage  area,  256  square  milee.] 


Day. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

275 

•830 

275 

270 

310 

830 

290 

280 

•213 

252 

242 

267 

287 

322 

1,422 

•1,073 

690 

508 
478 
443 
363 
843 

•395 
398 
378 
398 
648 
888 

1,987 
•1,620 

1,860 

1,110 
860 
590 

872 
372 
372 
•372 
372 
872 

(a) 
(a) 
(a) 
(a) 

H 

(a) 

(a) 

18 

465 
447 
477 
452 
687 
•1.323 

1.062 
832 
762 

1,222 

1,082 
877 

•635 
602 

540 
540 

•630 
570 
535 
500 
465 
440 
370 

•305 
285 
285 
279 

(a) 
(a) 
400 

2 

19 

3 

20 

4 

21 

650 

5 

22 

776 

6 

28 

485 
1,180 
943 
680 
625 
465 
870 
855 

1,275 

7 

24 

975 

8 

25 

•700 

9 

26 

600 

10 

27 

600 

11 

28 

500 

12 

29 

400 

13 

80 

450 

14 

81 

000 

15 

Mean 

10 

638 

581 

680 

564 

17 

•  Sunday. 


a  Ice  on  crest  of  dam. 


Daily  discharge,  in  second-feet,  of  Bkist  Canada  Creek  at  DolgevUle,  New  York, 

for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

•486 

486 

530 

530 

1,320 

1,390 

1^35 

♦992 

922 

722 

622 

542 

602 

562 

•842 

1,187 

1,167 

1,942 

822 

742 

642 

•542 

572 

652 

672 

672 

642 

602 

•542 

522 

472 

472 

462 
447 
492 

•370 
402 
897 
397 
397 
372 
872 

•848 
410 
462 
502 
502 
897 
402 

♦370 
447 
477 
500 
992 
742 
512 

•460 
742 
742 

542 
447 

872 
422 

•833 
852 
787 
682 
542 
472 
447 

•550 
742 
772 
722 
602 
562 
472 

•490 
542 
572 
602 
602 
702 
672 

•520 
447 
492 
472 
492 
472 

462 

•359 

865 

412 

452 

512 

642 

922 

•713 

822 

952 

1,217 

1,642 

2,152 

2.972 

*2,077 

2,  .512 

2,682 

3,582 

4,182 

4,472 

3,472 

•3,791 

3,972 

3,992 

4,132 

3,782 

8,592 

8,017 

•2,141 

1,701 

1,401 

1,301 

1,261 

1,006 

771 

•474 

421 

371 

371 

421 

401 

431 

•584 

601 

541 

441 

601 

811 

741 

•674 

601 

541 

471 

421 

391 

371 

•324 

391 

373 

421 

884 
294 
218 

•212 
206 
200 
194 
284 
194 
194 

•183 
194 
194 
206 
264 
249 
175 

•134 
239 
161 
274 
206 
174 
133 

•112 
152 
152 
144 
119 
119 

116 
•82 
112 
79 
106 
108 
126 
215 

♦324 
894 
270 
194 
194 
194 
175 

•304 
374 
264 
.  175 
126 
119 
100 

•112 
106 
110 
135 
111 

115 
•101 

87 

118 

192 

210 

139 

99 

•81 

118 

112 

100 

106 

126 

143 

•128 

108 

83 

78 

104 

78 

76 

*?5 

74 

74 

67 

74 

94 

74 

•44 

74 

74 

74 

74 

109 

145 

•146 

78 

78 

71 

68 

67 

67 

•67 

67 

74 

67 

67 

67 

67 

•67 

67 

67 

74 

74 

74 

74 

•74 

74 

192 

192 

139 

126 

152 

•185 

118 

106 

106 

94 

89 

89 

•94 

92 

89 

77 

75 

74 

74 

•74 

74 

77 

118 

100 

103 

100 

•90 

81 

100 

94 

94 

89 

89 

•286 

872 

246 

112 

1,046 

1,674 
874 
757 

♦648 
540 
404 
372 
340 
322 
282 

♦258 
284 
284 
234 
288 
258 
234 

♦234 
234 
208 
292 
292 
184 
152 

♦148 
143 
143 
184 
134 

184 

2 

292 

3 

♦835 

4 

5 

3RR 

282 

6 

284 

7 

152 

8 

152 

9 

182 

10 

11 

♦195 
258 

12 

2.000 

13 

3,029 

14 

1,580 

15 

1.004 

16 

914 

17 

♦733 

18 

1,825 

19 

1,947 

20 

676 

21 

1,422 

22 

874 

23 

757 

24 

♦648 

25 

542 

26 

27 

28 

436 
330 
282 

29 

282 

30 

254 

31 

♦260 

Mean... 

816 

489 

519 

1,978 

638 

196 

166 

97 

92 

377 

706 

♦  Sunday. 
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OPEBATIONS    AT   RIVER   STATIONS,    1900. ^PART  1.        [Jca4T. 


Daily  dischatye,  in  second-feet,  of  East  Canada  Creek  at  DoigeviUe,  New  York^ 

for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug, 

Sept. 

Oct. 

Nov. 

Dec 

1 

204 
2&4 
288 
288 
800 
346 

•846 
410 
410 
872 
362 
818 
300 

♦268 
264 
262 
240 
682 
646 

mo 

♦1,704 

1.880 

1,144 

1,012 

820 

709 

604 

♦608 

410 

346 

346 

531 

288 

288 

288 

♦288 

288 

266 

264 

288 

800 

718 

•718 

718 

3,760 

4,320 

2,467 

1,632 

1,232 

♦930 

646 

662 

518 

640 

709 

602 

♦470 

378 

346 

312 

262 
240 
252 

♦227 
240 
102 
162 
102 
258 
340 

•881 
306 
270 
234 

•681 

794 

914 

914 

014 

1,626 

2,321 

♦2,714 

1,374 

1,004 

1,002 

1,012 

1.020 

l.Q» 

1,476 

1.188 
800 
610 
474 

•410 
846 
474 
610 
800 
610 
546 

•454 
862 
342 
342 
288 
288 
288 

•JW4 
240 
288 
288 
288 
276 
264 

(a) 
(a) 
(a) 
(a) 

(a) 

(a) 
601 
304 
372 
608 
827 

•643 
460 
406 
376 
894 
376 
H»5 

•304 
274 
266 
266 
260 
216 
326 

•800 
274 
204 
204 
800 
300 
140 

•130 
112 
11^ 
115 
118 
152 
184 

♦198 
200 
182 
167 
145 
132 
124 

♦137 
160 
162 

190 
158 
310 

♦262 
194 
374 
686 
767 
422 
276 

♦210 
162 

lie 

221 

158 

128 

110 

HI 

♦08 

82 

88 

08 

106 

06 

87 

♦111 

192 

SOB 

274 

260 

185 

187 

♦133 

92 

UO 

111 

142 

117 

117 

•77 

02 

223 

136 

181 

151 

132 
•151 
120 
100 
167 
140 
157 
118 
♦118 

73 
152 
142 
142 
136 
128 
♦  83 
117 
104 

96 

73 

196 

184 

♦130 

154 

80 
(a) 

(a) 

(a) 

•(a) 

120 
186 
146 
144 

242 
218 

•194 

{a\ 

2 

•(ai 

3 

ia) 

4 

(ai 

5 

110  1      S4S 

1.196 

« 

7 

116 

•100 

04 

90 

94 

85 

84 

84 

•81 

238 

218 

tsa 

83:; 

788 

58S 
•485 

•96 
(a) 
(a) 
(a) 

614 

8 

614 

g 

•577 

10 

614 

11 

279 

12 

13 

U 

S7» 
2S4 
234 

15 

234  ♦l!i97 

21U 

16 

192 
152 

•173 
262 
306 
340 
340 
340 
340 

♦840 
306 
282 
282 
806 
420 
468 

1.374 
1,926 
4,626 
5,385 
4,917 
4,842 

♦4,368 
8.805 
8,005 
2,840 
2,865 
2,248 
1,586 

•1,606 
1,207 

205 

(a) 

•s 

17 

18 

190 
186 
180 
185 

ia) 
•(a> 

(a) 
1.O05 

63 

21«) 

19 

20 

215 
9ti 

21 

22 

•168     1.197 
153     1.148 

215 
215 

23 

171 
58S 
510 
322 
850 

♦306 
202 
268 

(o) 

1.016 

ns 

•1.148 
3.MUi 
3,164 
1.880 
1,128 
flSO 

•34^ 

24 

3k) 

25 

&* 

26 

Mo 

27 

28 

317 

29 

317 

80 

31 

•2SS 
26 

Mean . . . 

879 

276 

2,066 

486 

370 

144 

133 

105 

967 

as 
1 

a  No  record. 


•  Sunday. 


CAYADUTTA  CREEK  NEAR  JOHNSTOWN,  NEW  YORK. 

A  description  of  this  station  will  be  found  in  Water-Supply  Paj^er 
No.  35,  page  53.  The  record  is  kept  at  the  dam  of  the  Johnstown 
Electric  Light  and  Power  Company,  1  mile  below  Johnstown.  Since 
the  establishment  of  the  station  standard  sharp-crest-ed  g£^ing  weirs 
have  been  erected  by  Prof.  Olin  H.  Landreth,  C.  E.  One  of  these 
weirs  has  been  placed  across  the  main  stream  above  the  head  of  slack 
water  from  the  dam.  A  second  weir  has  been  placed  in  the  tailraee 
below  the  power  house. 

During  the  summer  the  water  does  not  ordinarily  flow  over  the  dam, 
which  is  practically  tight,  but  the  entire  flow  passes  through  the  tur- 
bines. A  series  of  gagings  at  the  tailraee  weir  has  been  made  in 
order  to  determine  the  discharging  capacity  of  the  water  wheels  when 
running  under  different  conditions. 

Dams  are  located  at  frequent  intervals  along  the  stream,  and  dut^ 
ing  the  dry  season  the  amount  of  flow  from  one  to  another  is  largely 
controlled  by  the  water  wheels. 
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Daily  discharge,  in  second-feet,  of  Cayadutta  Creek  near  Johnstown,  New  York^ 

for  1898. 

[Drainage  area,  40  square  miles.] 


Day. 


1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


Oct. 

Nov. 

X^vC* 

24 

41 

89 

♦10 

86 

48 

22 

88 

46 

25 

32 

♦51 

119 

89 

23 

246 

♦12 

51 

67 

32 

60 

55 

35 

89 

♦14 

179 

38 

37 

734 

38 

23 

429 

♦25 

27 

110 

46 

33 

♦64 

37 

38 

68 

36 

290 

66 

83 

♦117 

49 

32 

68 

67 

34 

Day. 


18 

19 

20 

21 

22 

23 

24 

26 

28 

27 

28 

29 

80 

81 

Mean 


Oct. 

Nov. 

47 

67 

46 

97 

39 

♦67 

47 

67 

65 

60 

•105 

64 

56 

63 

48 

55 

36 

42 

58 

♦24 

55 

46 

138 

59 

♦13 

42 

41 

64 

91 

Dec. 


♦27 
83 
85 
46 

58 
98 

e7 

♦60 
76 
42 
81 
84 
60 
44 


44 


♦  Snnday. 

Daily  discharge,  in  second^feety  of  Cayadutta  Creek  near  Johnstown^  New  York,  for 

1899. 


Day. 

Jan. 

♦20 
39 
31 
42 
71 
60 
40 

♦64 
42 
29 
24 
27 
26 
43 
♦125 
61 
43 
36 
81 
83 
28 

♦16 
35 
40 
27 
82 
32 
24 

♦13 

:« 

33 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

27 
25 

29 
26 

♦19 
29 
23 
19 
18 
18 
20 

♦14 
19 
21 
24 
25 
26 
27 

♦15 
82 
38 
65 
91 
80 
40 

♦43 
53 
48 
...... 

66 

48 

86 

40 

♦111 

282 

122 

71 

72 

67 

53 

♦123 

156 

106 

84 

46 

38 

36 

♦66 

67 

66 

SO 

74 

60 

52 

♦54 

48 

64 

48 

46 

48 

72 

♦70 

88 

132 

252 

263 

313 

508 

♦320 

413 

579 

416 

811 

761 

802 

♦218 

190 

196 

225 

168 

i:35 

142 

♦123 

41 

65 

66 

44 

62 

60 

♦81 

67 
66 
86 
32 
28 
27 

♦12 
29 
26 
25 
27 
47 
29 

♦81 
25 
28 
84 
88 
43 
47 

♦84 
84 
26 
31 
26 
26 
80 

♦16 
82 
18 
28 

81 

80 
28 
29 

♦17 
29 
28 
18 
80 
21 
19 

•18 
80 
25 
24 
25 
25 
25 

♦17 
25 
87 
82 
88 
82 
82 

♦18 
20 
26 
80 
80 
22 

21 

♦15 
24 
17 
20 
20 
19 
84 

♦16 
27 
25 
18 
18 
16 
18 

♦L3 
23 
25 
26 
20 
19 
23 
♦8 
18 
22 
19 
16 
17 
17 

♦14 
25 

20 
22 
32 
22 
21 

♦11 
19 
20 
20 
20 
17 
23 
♦8 
20 
20 
20 
20 
20 
19 
♦9 
15 
16 
14 
16 
16 
14 

♦11 
16 
16 
16 
16 

16 

20 

♦12 

19 

28 

^ 

22 

17 
♦7 
16 
19 
20 
17 
19 
20 

♦11 
19 
20 
21 
20 
17 
19 

♦14 
20 
82 
36 
26 
27 
26 

20 

♦12 
24 
24 
25 
17 
16 
19 
•9 
18 
20 
24 
23 
13 
20 

♦17 
24 
26 
33 
21 

■(♦)" 

'"2i' 

18 
18 
10 
♦16 
80 
30 

88 

81 
28 
48 

♦84 
26 
28 
26 
22 
27 
26 

♦20 
28 
28 
30 
20 
21 
20 
*6 
27 
27 
26 
% 
24 
26 

♦14 
30 
28 
28 
15 

19 

2  

3  

♦14 

4 

87 

6 

27 

6 

23 

7 

23 

8 

23 

9 

23 

10 

11 

♦13 

27 

12 

238 

13 

207 

14 

146 

15 

65 

16 

40 

17 

♦44 

18 

36 

19 

51 

20 

85 

21 

62 

22 

42 

23 

26 

24 

♦19 

25 

56 

26 

60 

27 

25 

28 

24 

29 

20 

ao 

19 

31 

♦11 

Mean 

89 

31 

74 

261 

26 

20 

18 

21 

26 

49 

♦  Snnday. 
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OPERATIONS   AT   BIVER  STATIONS,    1900. PABT   I.         fso.i: 


Daily  discharge^  in  second-feet,  of  Cayadutta  Creek  near  Johnstoicnj  New  York^ 

for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr.  iMay. 

1 

June. 

July. 

Aug. 

t 
Sept 

1 

27 
27 
25 
20 
18 
20 

♦24 
60 
89 
43 
37 
34 
30 

♦14 
85 
87 
29 
40 
92 

706 
♦306 

101 
88 
66 
71 
60 
4:^ 

♦23 
44 
88 
31 

89 

29 

22 

♦20 

251 

43 

42 

148 

235 

76 

♦82 

116 

1,404 

89 

77 

69 

46 

♦23 

42 

41 

89 

44 

107 

87 

♦41 

60 

42 

39 

41 
42 
44 

♦23 
65 
41 
50 
45 
45 
44 

♦39 
66 
48 
40 
41 
39 
41 

♦19 
42 
45 
62 
62 

111 
82 

♦52 
46 
60 
49 

106 

165 

296 

♦250 

292 

399 

212 

199 

200 

293 

♦155 

102 

78 

77 

91 

106 

78 

•91 

133 

200 

314 

164 

102 

76 

♦116 

92 

80 

71 

64 

48 

46 

♦22 

25 

137 

38 
25 
25 
25 
28 

♦24 
30 
25 
81 
63 
30 
24 

♦19 
23 
26 
23 
24 
29 
26 

♦22 
25 
24 
19 
22 
23 
26 

♦19 
22 
19 
20 
22 

36 
22 
♦8 
30 
26 
25 
23 
24 
83 

♦13 
29 
29 
16 
24 
29 
22 
♦9 
24 
24 
24 
22 
21 
17 

♦10 
17 
19 
U 
17 
19 
18 

•6 
14 
20 
6 
15 
15 

12 
2S 

20 
18 
•7 
an 

11 

2 

•7 

8 

21 

4 

6 

K 
17 

6 

17 

7 

15  1   20 

*7   ar» 

17 

8 

21 

9 

31 
19 
18 
20 

23 
18 
14 
♦4 

•?? 

10 

21 

11 

at) 

12 

6 

13 

23    27 

18  28 
♦12  ,   29 

19  1   34 

aij ;  36 

18  'H 

17  '  ♦lO 

14  1   IS 

19  1   21 
•7    20 

15  21 

18  2* 

4 

14 

18 

15 

16 

16 
♦9 

17 

19 

21 

19 

19 

20 

21 

21 

21 

22 

sa 

23 

♦14 

24 

32 

25 

17 
26 
25 
26 
♦13 
13 
13 

23 

n 

20 
19 
20 
20 
18 

32 

21 

27 

21 

28 

23 

29 

23 

30 

•IM 

31 

Mean - 

71 

119 

62 

27 

21 

17 

20 

IS 

♦  Sunday. 
NoTX.— ReoordB  for  October,  November,  and  December  are  not  available  at  present. 

SCHOHARIE  CREEK  AT  FORT  HUNTER,  NEW  YORK. 

Schoharie  Creek  rises  on  the  western  slope  of  the  Catskill  Moan- 
tains.  In  its  lower  stages  it  flows  through  a  long,  flat  valley,  in  a 
stream  bed  covered  with  cobbles  and  gravel,  over  which  the  wat^r 
finds  its  way  in  a  thin  sheet  during  the  dry  season. 

The  State  dam  at  Fort  Hunter  is  near  the  mouth  of  the  stream,  and 
high  water  from  Mohawk  River  backs  up  to  the  toe  of  the  dam.  Th<* 
condition  existing  at  this  station  during  the  summer  months  has  been 
described  in  connection  with  the  Mohawk  River  gaging  stations, 
page  42.  A  record  has  been  kept  of  the  elevation  of  the  water  surface 
in  the  pond  above  the  dam,  and  also  in  the  channel  below  the  dam. 
The  average  difference,  or  head,  is  5.25  feet,  and  it  is  nearly  constant, 
except  when  water  falls  below  the  crest  level  above  the  dam. 

The  dam  is  of  timber  backed  with  gravel,  and  there  are  a  number 
of  leaks  above  the  gravel  line  2  feet  below  the  crest.  During  th»* 
summer  this  leakage  represents  practically  the  total  inflow  from 
Schoharie  Creek  to  the  Mohawk.  Current-meter  measurements  of 
the  leakage  were  made  below  the  Erie  Canal  aqueduct,  at  a  point 
where  the  entire  flow  is  concentrated  in  a  narrow  channel. 


NEW   YORK. 
Current-meter  measurements  of  leakage  of  Fort  Hunter  dam. 
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Date. 


June  21  _ . . 
July  18... 
Augtist  22 


1900. 


Hydrographer. 


B.  E.  Horton 
E.  D.  Walker 
do 


Leakage. 


Second-feet. 
80 
38 
44 


In  the  computation  the  leakage  of  the  dam  has  been  assumed  to  be 
35  second-feet. 

In  establishing  this  station  the  intention  was  to  maintain  a  record 
of  the  height  of  the  water  above  and  below  the  head  gates,  at  the 
entrance  to  the  canal  feeder,  from  which  the  effective  head  of  the 
gate  openings  could  be  determined  and  the  flow  computed  by  the  for- 
mula for  submerged  orifices.  During  the  dry  season  the  water  falls 
below  the  lip  of  the  gates  and  flows  in  an  open  channel,  making  this 
method  inapplicable.  In  recomputing  the  record  the  diversion  to  the 
canal  feeder  was  estimated  from  the  following  current-meter  measure- 
ments: 

CuT^ent-meter  measurements  of  fUyw  of  water  in  feeder. 


Date. 


June  21 , . .. 
July  18.  _- 
August  22 


1900. 


Hydrograpber. 


B.  E.  Horton 
E.  D.  Walker 
do 


Measured 
flow. 


Second-feet 

112 

76 

73 


Inflow  to  the  Erie  Canal  is  controlled  by  gates  at  the  lower  end  of 
the  feeder  channel,  so  that  the  flow  in  the  feeder  is  not  directly  a 
function  of  the  stage  of  the  water.  Owing  to  the  uncertainty  of  the 
low-water  measurements,  this  station  was  abandoned  July  31. 

The  accompanying  tables  show  the  total  outflow  from  the  pond 
above  the  Fort  Hunter  dam.  A  table  of  the  flow,  as  originally  com- 
puted, allowing  315  second-feet  for  leakage,  will  be  found  in  Water- 
Supply  Paper  No.  35,  page  55. 

The  drainage  areas  tributary  to  Schoharie  Creek  at  various  gaging 
stations  are  as  follows: 

Drainage  areas  of  Schoharie  Creek, 

Square  miles. 

At  month 947.0 

At  Erie  Canal  aqueduct 946.8 

At  Fort  Hunter  dam _ 946.7 

At  Mill  Point  bridge 984.0 

At  Schoharie  Falls  dam 930.0 
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Daily  diadharge,  in  aeoond-feet,  of  Sehoharie  Creek  at  Fort  Hunter,  New  York,  jar 

1898, 
[DraluAge  are*,  M7  square  miles.] 


D.y. 

Sept. 

Oct. 

1:| 
1 

6.787 

I;w7 
»;4iT 

Dae 

D.,. 

Sepl- 

Oct. 

»>" 

I>« 

% 

61 

i 

,«» 

It* 

,33» 

■i 

i 

'11 
1 

•■"" 

S.S43 

1 
1 

m 

12B 

1 

H(^ 

131 

. 

, 

Daily  diteliarge,  I'l 


Jddo. 

Jnly. 

»S 

ue 

Ans.    Sept. .  Oct.      Nor. 


3,eu 
a.i« 
2.  ess 
MI35 
1S,B3S 
.  6,:t% 
I  3.t38 
S.9H& 

a.s3s 

4.U65 
7,885  , 
I  11,135 
I  4.*56l 
3,175  . 
£.6B5  I 
S,2SG  ! 
2.D3B 
J,  386 
2.516 


NmiL—'Ho  record  (or  December. 


148  [  1.B87  I       7« 


146     l.U'  I    LIU 


a.<»l  I  S.14T 

.,   s.ua   I  — 

.4fi     5,7*0     I 
"'  '  4,  ISO  I  ! 


NEW   YORK. 


D«y. 

Jan. 

.„. 

Apr. 

K«r. 

Jane. 

.^. 

i 

1 
1 

!S 

IS 

i 
1 

.2SS 

■!" 

ji 

.TS6 

s.tgs 

:b35 

3,' 036 

1 

1 

X.V36 

S3S 

985 

■1 

1 

s 

1 

aw 

3^ 

SIS 

1 
1 

"•" 

1,318 

3.137 

3,630 

«1 

Z19 

..'1! 

NOTt— No  record  (or  Psbrnary:  station  abandoned  Jaly  31. 

SCHOHARIE  CREEK  AT  ERIE  CANAI.  AQUEDUCT,  NEW   YORK. 

The  Erie  Canal  crosses  Schoharie  Creek  between  the  F^ort  Hunter 
dam  and  Mohawk  River.  A  gaging  station  was  established  at  the 
aqueduct  oa  May  2,  1900,  by  Prof.  E.  D,  Walker.  A  current-meter 
measurement  of  the  flow  through  the  archways  of  the  canal  aqueduct 
was  made  by  him  on  that  day,  the  result  being  a  discharge  of  1,257 
second-feet,  with  a  gage  height  of  2,26  feet.  Owing  to  cross  currents 
above  the  aqueduct,  the  conditions  are  not  favorable  for  meter  meas- 
urements, and  the  station  was  abandoned  on  October  13.  The  record 
is  chiefly  of  interest  in  connection  with  slope  measurements  of  Mohawk 
River,  described  elsewhere  (p.  42), 
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Daily  gage  height,  in  feet,  of  Schoharie  Creek  at  Brie  Canal  aqtiedvct.  New  York, 

for  1900. 


Day. 


1 

2 

2.24 

3 

2.20 

4 

2.14 

5 

2.10 

6 

2.00 

7 

1.10 

8 

2.00 

9 

1.97 

10 

2.00 

11 

1. 10 

12 

1.97 

13 

1.89 

14 

1.76 

15 

1.70 

16 

1.67 

May. 


June. 


1.38 

1.47 

1.76 

1.62 

.94 

.96 

.87 

.90 

1.90 

1.84 

1.80 

1.40 

1.68 

1.40 

1.13 

1.20 


July. 


0.60 
.62 
.58 
.60 
.60 
.67 
.56 
.60 
.43 
.52 
.60 
.63 
.64 
.60 
.54 
.63 


Aug. 


0.67 
.65 
.64 
.63 
.62 
.61 
.52 
.52 
.51 
.50 
.62 
.58 
.52 
.57 
.54 
.53 


Sept. 


0.54 
.53 
.54 
.53 
.54 
.64 
.53 
.54 
.64 
.64 
.65 
.65 
.65 
.64 
.65 
.64 


Oct. 


0.53 
.64 

.51 
.63 
.58 
.61 
.62 
.58 
.54 
.52 
.60 
.56 
.67 


Day. 

May. 

1.58 
1.52 
1.47 
1.98 
2.84 
2.43 
2.14 
1.98 
1.87 
1.80 
1.67 
1.40 
1.47 
1.45 
1.40 

Jane 

17 

0.8S 
.71 
.82 
.70 
.72 
.70 
.67 
.60 
.60 
.60 
.60 
.62 
.61 
.60 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

20 

30 

31 

July.  Ang.iSept. 


0.58 
.66 
.60 
.61 
.63 
.65 
.68 
.68 

.n 

.73 
.78 
.73 
.00 
.68 
.64 


48 

9f7 

78  ' 

71  I 

68  ' 

64 

63 

54 

53 

54 

53 

53 

54 


0.65 
.65 
.65 
.65 
.65 
.65 
.64 

.es 

.53 
.56 
.57 
.53 
.52 


SCHOHABIE   CREEK  AT  MILL  POINT,   NEW  YORK. 

The  current-meter  station  was  established  at  the  Mill  Point  high- 
way bridge  on  July  5,  1900,  by  Prof.  E.  D.  Walker.  The  stream  bed 
is  stony  and  fairly  permanent.  The  channel  is  of  nearly  constant 
width  at  all  stages  of  the  stream.  The  following  current-meter  meas- 
urements were  made  by  Professor  Walker: 

Jnly  5:  Gage  height,  0.64  foot;  discharge,  87  second-feet 
Angnst  22:  Gage  height,  0.70  foot;  discharge,  141  second-feet. 

Daily  gage  height,  in  feet,  of  Schoharie  Creek  at  Mill  Point,  New  York,  for  1900. 


Day. 

Jul^. 

Aug. 

0.65 
.65 
.45 
.40 
.60 
.35 
.40 
.35 
.30 
.30 
.40 
.40 
.45 
.30 
.25 
.40 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

July. 

AUR. 

Sept. 

Oct. 

Nov. 

Dec 

1 

0.35 
.85 
.35 
.30 
.25 
.22 
.40 
.30 
.30 
.25 
.45 
.45 
.35 
.85 
.30 
.35 

0.60 
.60 
.45 
.40 
.40 
.46 
.35 
.30 
.15 
.00 
.00 
.35 
.45 
.15 
.30 
.30 

0.65 
.45 
.60 
.60 
.50 
.40 
.60 
.60 
.66 
.86 
.60 
.60 
.80 
.90 
.72 
.70 

2.10 
1.90 
1.80 
1.70 
3.02 
2.60 
2.35 
2.25 
2.10 
1.80 
1.75 
1.75 
1.72 
1.70 
1.65 
1.60 

17 

0.60 
.66 
.66 
.65 
.60 
.95 
.90 
.80 
.85 
.80 
.80 
.80 
.70 
.70 
.65 

0.96 
1.45 
.05 
.72 
.70 
.75 
.70 
.60 
.56 
.60 
.45 
.60 
.60 
.56 
.43 

0.35 
.30 
.35 
.25 
.00 
.00 
.00 
.30 
.35 
.30 
.30 
.36 
.45 
.45 

0.40 
.45 
.45 
.45 
.40 
.30 
.60 
.60 
.60 
.70 
.75 
.68 
.45 
.52 
.50 

0.65 

.70 

.75 

.96 

1.45 

1.48 

1.6D 

L8S 

1.80 

1.72 

a60 

2.75 

2.25 

2.15 

l.S 

2 

18 

1.7D 

3 

19 

l.ffl 

4 

20 

1.96 

5 

21 

2.ai 

6 

0.60 
.35 
.70 
.50 
.80 
.70 
.70 
.60 
.60 
.60 
.65 

22 

aiy 

7 

8 

23 

24 

i.w 
i.t^ 

9 

26 

S.S5 

10 

11 

26 

27 

i.ni 

12 

28 

s.n5 

13 

20 

1  9n 

14 

30 

l.ftt 

15 

.  81 

LOO 

16 

SCHOHARIE  CRBEK  AT  SCHOHABIB  FALLS,  NEW  YORK. 

A  dam  and  power  plant  have  been  erected  by  the  Empire  State 
Power  Company,  of  Amsterdam,  New  York,  at  Schoharie  Falls,  7 
miles  from  Amsterdam.  The  dam  is  of  masonry,  backed  with  timber. 
It  has  a  flat  crest,  nearly  level,  380  feet  long,  1  foot  wide,  and  a  slope 
on  the  upstream  face  of  approximately  2^  to  1.  The  dam  was  com- 
pleted early  in  the  summer  of  1900,  and  a  record  of  the  depth  of  water 
flowing  over  the  main  spillway  was  kept  by  the  engineers  of  the  com- 
pany from  July  18  to  December  31.     Some  further  data  are  needed. 


NEW    YOBK. 
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however,  for  the  final  reduction  of  this  record,  which  is  i-eserved  for 
future  publication.  The  dam  is  about  1  mile  above  the  current-meter 
station  on  Schoharie  Creek,  at  the  Mill  Point  hi|:hway  bridge,  and  it 
is  the  intention  to  use  the  results  of  the  meter  measurements  made 
there  in  the  preparation  of  a  calibration  curve  for  the  spillway  of 
the  dam. 

Soon  after  the  completion  of  the  dam  a  weir  of  standard  form  was 
placed  in  an  opening  in  the  water-power  canal  embankment,  at  a 
point  where  the  entire  flow  of  the  stream  could  be  concentrated  so  as 
to  pass  over  the  gaging  weir.  The  weir  has  a  sharp  crest,  25  feet  in 
length,  vrith  two  complete  contractions,  and  the  following  observa- 
tions of  flow  were  computed  from  the  observed  depths  by  the  Francis 

formula: 

Flow  over  toeir  at  Sckoharie  Falls  dam. 


Date. 


1900. 

June  25 

Jime26  .... 

Do 

Jane  27 

Do 

June  28  .... 

Do 

June  29 


Time  of 

measure- 

ment. 

11 

a.  m. 

11 

a.  m. 

5 

p. 

m. 

11 

a. 

m. 

5 

p. 

m. 

11 

a. 

m. 

5 

p. 

m. 

11 

a. 

m. 

Discharge. 


Second-feet. 
86.2 
91.6 
91.5 
92.9 
92.9 
86.2 
91.5 
86.2 


Date. 


1900. 
June  29  .. 
June  30  . . 

Do._. 
Julyl-... 

Do... 
July  2.... 

Do  .. 
Julys.... 


Time  of 

measure- 

ment. 

5 

P- 

m. 

11 

a. 

m. 

5 

p. 

m. 

11 

a. 

m. 

5 

p. 

m. 

11 

a. 

m. 

5 

p. 

m. 

9 

a. 

m. 

Discharge. 


Second-feet. 
86.2 
92.9 
92.9 
92.9 
91.5 
91.6 
92.9 
93.4 


The  power  plant  at  the  dam  contains  two  double  horizontal  Samson 
turbines,  each  40  inches  in  diameter.  The  turbines  are  designed  to 
work  under  a  head  of  42  feet,  and  are  rated  at  1,800  horsepower  per 
pair.  A  wheel  similar  to  these  has  been  tested  at  Holyoke,  and  with 
the  rating  curve  established,  which  shows  the  proportional  discharge 
of  the  wheels  for  various  depths  of  gate  opening,  the  turbines  can  be 
used  as  water  meters  to  determine  the  flow  in  the  power  canal.  The 
plant  was  set  in  operation  about  January  1, 1901,  and  a  gaging  record 
is  being  kept,  which  shows  the  depth  of  flow  over  the  crest  of  the  dam 
and  spillway,  the  discharge  through  the  flood  gates,  and  the  amount 
of  water  used  by  the  turbines.  It  should  be  stated  that  this  stream 
is  subject  to  extreme  variations  of  flow,  and  that  the  weir  measure- 
ments given  above  represent  unusually  low  water.  Plans  have  been 
made  for  a  system  of  storage  reservoirs  to  conserve  the  entire  dis- 
charge of  the  stream  and  maintain  a  nearly  uniform  regimen  of  flow 
throughout  the  year. 

MOHAWK  RIVER  AT  SCHENECTADY,  NEW  YORK. 

A  current-meter  station  at  Freeman's  toUbridge,  near  Schenec- 
tady, was  established  by  Prof.  E.  D.  Walker  February  1,  1899,  and 

IBB  47—01 5 
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remained  under  his  supervision  until  October  1, 1900.  A  d^cription 
of  this  station  is  contained  in  Water-Supply  Pai)er  No.  35,  page  55. 
The  following  current-meter  measurements  were  made  by  Professor 
Walker: 

April  3, 1899:  Gage  height,  7.18  feet;  discharge,  5,294  second-feet. 
May  36, 1899:  Gage  height,  6.22  feet;  discharge,  2,092  second-feet. 
June  30, 1899:  Gage  height,  5.38  feet;  discharge,  482  second-feet. 
May  12, 1900:  Gage  height,  6.50  feet;  discharge,  4,135  second-feet. 
July  17, 1900:  Gage  height,  5.26  feet;  discharge,  667  second-feet. 
August  21,  1900:  Gage  height,  5.40  feet;  discharge,  976  second-feet. 

A  rating  curve  for  the  cross  section  at  this  station  has  not  yet  been 
prepared. 

Daily  gage  heighty  in  feet^  of  Mohawk  River  at  Schenectady ^  New  York^  for  lC*^iO, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

Dec 

1 

7.40 
7.40 
7.10 
8.90 
8.80 
6.06 
6.46 
6.20 
6.46 
0.70 
6.70 
0.60 
6.25 
6.10 
8.06 
6.00 
8.06 
6.00 
6.96 
0.06 
6.50 
6.20 
0.10 
6.96 
6.90 
6.76 
6.70 
5.66 
6.60 
6.46 
6.60 

6.60 
6.60 
6.60 
6.76 
6.06 
6.66 
6.00 
6.40 
6.00 
0.46 
6.00 
6.76 
6.00 
6.66 
6.60 
6.60 
6.46 
6.42 
6.85 
5.22 
6.26 
6.26 
6.86 
6.22 
6.20 
5.20 
5.18 
6.20 
6.22 
6.20 

6.22 
6.20 
6.22 
6.18 
6.16 
6.20 
6.20 
5.20 
6.26 
6.86 
6.40 
6.86 
6.82 
6.80 
5.80 
6.28 
5.20 
6.20 
5.28 
6.86 
6.36 
6.40 
6.70 
6.58 
6.48 
6.88 
6.16 
6.06 
6.72 
6.66 
6.60 

6.38 
6.85 
5.26 
6.28 
6.26 
5.20 
6.16 
6.18 
5.10 
5.08 
5.10 
5.10 
6.10 
6.15 
5.25 
6.25 
5.90 
5.80 
5.68 
5.45 
5.40 
5.82 
5.26 
5.20 
5.26 
5.28 
5.22 
5.20 
6.25 
6.20 
5.46 

6.85 
6.25 
5.28 
5.20 
6.10 
6.15 
5.28 
5.15 
6.18 
6.06 
6.10 
6.15 
5.10 
5.10 
5.08 
5.10 
5.06 
6.08 
6.00 
5.05 
5.08 
6.10 
5.10 
6.70 
6.68 
5.46 
5.86 
5.22 
6.28 
5.28 

5.20 
6.25 
5.20 
5.25 
6.20 
5.20 
5.02 
5.10 
5.18 
5.10 
5.10 
6.18 
5.15 
5.25 
6.15 
5.18 
5.20 
5.20 
5.42 
5.86 
6.20 
5.20 
5.18 
5.20 
5.28 
6.15 
6.00 
5.70 
5.86 
6.75 
5.05 

5.55 
5.60 
5.56 
5.50 
5.45 
5.42 
5.85 
5.35 
8.40 
7.06 
0.60 
6.15 
5.85 
5.80 
6u35 
5.10 
5.85 
5.50 
5.80 
5.80 
6.05 
7.60 
7.80 
7.00 
6.  TO 
8.48 
11.65 
U.85 

iao5 

8.50 

7.80 

2 

7.35 

8 

7.(D 

4 

HTh 

6 

8.79 

0 

8.S 

7 

8  V* 

8 

11.16 

10.06 

8.86 

8.18 

7.90 

8.26 

8.16 

7.80 

8.10 

8.60 

10.66 

12.06 

11.90 

11.68 

10.86 

11.66 

11.90 

10.06 

9.36 

8.80 

8.26 

7.72 

7.45 

8.<.0 

0 

i.TB 

10 

7.25 

11 

6.  4^ 

12 

6  Ih 

18 

6  7t 

14 

6.% 

15 

6.90 

16 

6.(1) 

17 

5  iS 

18 

5.9S 

19 

590 

20 

601 

21 

6.  IS 

22 

59) 

28 

6.10 

24 

6.  Id 

26 

6:e 

20 

8.(0 

27 

7  « 

28 

l.fh 

20 

&79 

80 

6lI0 

81 

6.S 

MOHAWK  RIVER  AT  REXFORD  FLATS,  NEW  YORK. 

This  station,  which  is  located  at  the  New  York  State  feeder  dam  4 
miles  below  Schenectady,  is  described  in  Water-Supply  Paper  No.  35, 
page  57. 

The  accompanying  tables  of  daily  and  monthly  mean  flow  include 
the  amount  diverted  to  the  Erie  Canal.  They  therefore  represent  the 
total  inflow  of  Mohawk  River  at  this  point,  which  is  considerablv 
greater  than  the  amount  which  passes  downstream  from  the  dam 
during  the  season  of  canal  navigation.  Prior  to  1900  the  amount 
of  diversion  to  the  Erie  Canal  was  assumed  to  be  128  second-feet. 
During  the  present  year  a  different  method  of  estimating  diversion  to 
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the  canil  has  been  used.     Current-meter  measurements  in  the  Rex- 
ford  Flats  feeder  gave  the  following  results: 

Current-meter  measurements  in  Rexford  Flats  feeder. 


m 

Date. 

Hydrograpber. 

Plow  in 
canal  feeder. 

October  27,  1888 

W.  D.  Lockwood 

Second-feet. 
128 

June  25. 1900 

R.  E.  Horton 

272 

These  results  were  compared  with  the  mean  rate  of  evaporation 
from  a  water  surface,  as  determined  for  several  years  at  Rochester,* 
and  it  was  found  that  an  apparently  constant  relation  existed  between 
the  two.  The  diversion  for  the  i*emaining  months  of  the  canal  sea- 
son has  been  estimated  from  the  observed  evaporation,  as  follows: 

Estimated  monthly  flow  in  Rexford  Flats  feeder. 

Second-feet. 

May 200 

June 260 

July -.290 

August 270 

September 220 

October 148 

The  flow  over  the  dam — that  is,  the  amount  of  water  passing  down- 
stream from  Rexford  Flats — compares  with  the  total  flow  as  follows: 

Table  showing  relation  of  flow  over  Rexford  Flats  dam  to  total  inflow  of  feeder. 


Month. 


1900. 

May 

June 

July 

August 

September 


Total  in- 
flow. 


Second-feet. 
2,857 
1,503 
1,447 
1,746 
981 


Plow  below 
dam  (inflow 
lees  diver- 
sion). 


Second-feet, 
2,657 
1,248 
1,157 
1,476 
761 


The  water  did  not  fall  below  the  crest  of  the  dam  during  the  sum- 
mer of  1900,  so  that  it  was  not  possible  to  make  measurements  of  the 
leakage,  or  a  new  profile  of  the  crest,  which  is  greatly  needed.  During 
high  water  for  several  days  of  the  year  1900  the  water  on  the  down- 
stream side  of  the  dam  rose  above  the  crest  level  and  the  dam  was 
completely  submerged.  Experiments  on  the  flow  over  a  similar  sub- 
merged weir  are  not  available,  and  the  high- water  flows  have  been 
taken  from  the  usual  discharge  curve.     On  the  morning  of  February 


^  See  annnal  reports  of  the  executive  board  of  the  olty  of  Rochester,  1880  to  1899,  Inclnsive. 
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14,  1900,  the  water  attained  a  depth  of  9.25  feet  on  the  crest  of  the 
dam,  corresponding  to  a  discharge  of  55, 700  second-feet,  or  1 6. 5  second- 
feet  per  square  mile.  This  is  the  highest  water  observed  since  the 
record  was  started. 

During  1900  the  following  discharge  measurements  were  made  by 
Pi'of .  E.  D.  Walker,  at  Freeman's  bridge,  3  miles  above  the  Rexford 
Flats  gaging  station : 

May  13:  Gage  height,  6.50  feet;  discharge,  4,135  second-feet. 
July  17:  Gage  height,  5.26  feet;  discharge,  667  second-feet. 
August  21:  Gage  height,  5.40  feet;  discharge,  976  second-feet. 

Daily  discharge,  in  second-feet,  of  Mohawk  River  at  Rexford  Flats,  New  York, for 

1898, 


Day. 


8 
9 
10 
11 
12 
13 
14 


Dec. 


6,060 
5,060 
6,060 
6,460 
4,200 
3,825 
6,260 


[Drainage  area,  3,385  square  miles.] 


Day. 


15 
16 
17 
18 
19 
20 
21 


Dec 


4,960 
3,280 
2,460 
2.800 
2.875 
2,660 
2,300 


Day. 


22 
23 
24 
25 
26 
27 
28 


Dec 


2,850 
5,160 
11.660 
9.380 
7,880 
4,460 
4,900 


Day. 


20 

ao 

81 

Mem 


Dec 


3,3sn 

2.400 

l.KW 


4,471 


Daily  discharge,  in  second-feet,  of  Mohawk  River  at  Reaford  Flats,  New  York^  for 

1899. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

38 

27 

28 

29 

30 

31 

Mean 


Jan. 


9,000 
4.860 
3,360 
3,600 
9,360 
16,860 
12,660 
9,360 
7,925 
4,860 
4,260 
3,600 
2,860 
3.825 
4,660 
5,400 
8,750 
9,200 
5,400 
4,475 
2,860 
2,860 
2,760 
3,060 
3,450 
4,300 
4,475 
4,960 
4,750 
5,575 
4,860 


5,739 


Feb. 


2,960 
3,460 
4,350 
3,950 
3,960 
4,660 
3,860 
2,700 
2,000 
2,400 
2,100 
2,860 
3,360 
4,760 
4,660 
3,860 
3,460 
2,700 
2,400 
2,400 
2,260 
2,600 
5,460 
10.150 
5,760 
5,660 
4,660 
7,000 


3,935 


Mar. 


6,300 

5,760 

6,170 

4,660 

6,920 

25,700 

15,110 

9,770 

8,460 

8,850 

7,000 

9,160 

20,670 

14,000 

10,950 

10,060 

8,360 

5,750 

5,470 

8,260 

18,560 

12,600 

11,400 

6,460 

7,060 

6,740 

5,370 

4,760 

4,660 

5,560 

5,170 


9,004 


Apr. 


5,860 
6,360 
5,360 
5,270 
7,880 
10,510 
14,060 
18,330 
21,770 
13,340 
15,590 
18,600 
24,040 
29,660 
30,630 
29,380 
22,000 
20,560 
20.360 
21,150 
21,688 
19,228 
17,878 
17,878 
17,878 
17,028 
16,428 
16,428 
15,668 
11,148 


17,057 


May. 


9,888 
8,828 
8,428 
8,528 
5,828 
5,178 
2,628 
2,328 
2,328 
2,178 
2,178 
2,428 
2,328 
2,078 
1,828 
2,428 
1,978 
1,778 
1,678 
4,778 
6,088 
6,828 
6,728 
5,428 
4,928 
4,37B 
3,128 
2,228 
1,828 
2,778 
2,778 


4,084 


Jane. 


288 
288 
078 
078 
078 
538 
638 
688 
STB 
378 
128 
128 
988 
928 
088 
088 
928 


628 
128 
688 

168 
168 
078 
638 
688 
588 
428 
638 


2,014 


July. 


988 
928 
679 
608 
608 
608 
488 
488 
606 
628 
438 
438 
378 
328 
388 
828 
768 
028 
678 
678 
438 
328 
328 
308 
288 
288 
888 
438 


878 
338 

498 


Aug. 

Sept. 

Oct. 

388 

228 

2,728 

388 

288 

2.se8 

438 

228 

2,888 

488 

288 

2,688 

528 

288 

2,628 

608 

288 

2,688 

328 

228 

2,478 

278 

228 

2,388 

278 

288 

2,178 

278 

228 

1,428 

278 

288 

728 

278 

228 

728 

278 

228 

728 

278 

228 

728 

278 

288 

1.288 

278 

278 

1.578 

278 

278 

1.828 

278 

278 

1,92S 

278 

278 

1.428 

288 

278 

1.348 

228 

278 

1,348 

288 

278 

1,348 

288 

278 

1,288 

228 

278 

1,148 

228 

278 

1.128 

278 

3.288 

1.028 

278 

9,178 

888 

238 

6,888 

788 

208 

1,078 

1,288 

206 

2,778 

1.848 

208 

1,848 

894 

980 

1.608 

Not. 


1.388 
1,388 
2.8GS8 
5,QBS 
6,58B 

e^sB 

8.0B8 

9.QSB 

7. 828 

4.888 

2.778 

2,17» 

1.578 

1.928 

2,078 

1,578 

1.368 

1,888 

1,1:98 

1.128 

1.288 

1.478 

1,538 

1,67 

1, 

1. 

I, 

1. 

1, 

1, 


Dec 


1.3» 


I.: 
S.44^ 

s,«ss 
3.5:» 

4.548 

a.33S 

8.96? 

10,  ft* 

13u8S 

S4.^» 

19,12* 

ia.12^ 

10,2* 


4.?w^ 
:     4.-"»> 

2.8^ 

2.iS> 
2.43' 


2, 


7,aia 
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Note.— Records  for 


Dm7. 

Ju. 
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uo 
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i 
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11 

pt 

00 

i 

7,!50 

4.UU 
4.800 
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4TO     1 
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1 
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oao 

E 
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MOHAWK  BIVER  NEAR  DUNSBACH  PERRY,  NEW  YORK. 

A  ga^ng  record  has  been  kept  at  the  dam  of  the  West  Troy  Water 
Company  near  Dunsbach  Ferry,  9  miles  from  the  mouth  of  Mohawk 
River.  The  dam  is  of  masonry,  and  has  a  flat  granite  crest  5.5  feet 
wide,  standing  0.75  foot  Iiiglier  at  the  crest  lip  than  at  the  upstream 
edge.  An  island  in  the  center  of  the  stream  divides  the  dam  into  two 
sections.  ~  The  crest  of  the  right  wing,  at  the  upper  end  of  the  island, 
is  -380  feet  long,  with  an  average  elevation  of  174.15  feet.  The  crest 
of  the  left  wing,  at  the  lower  end  of  the  island,  is  280  feet  in  length, 
iwid  stands  at  an  elevation  of  from  173.46  to  173.50  feet.  Openings 
which  existed  in  the  dam  during  a  part  of  the  time  the  record  has 
been  kept  should  be  taken  into  consideration  in  computing  the  flow. 

The  crest  of  the  dam  at  the  present  time  stands  nearly  level.  The 
elevation  of  the  zero  of  the  crest  gage  is  172  feet.  Readings  are  taken 
twice  daily,  usually  between  (i  and  7  a.  m.  and  between  5  and  6  p.  m. 
The  mean  of  the  readings  taken  for  each  day  is  given  in  the  accom- 
panying table. 

In  the  adjacent  pumping  station  are  two  Eclipse  turbines,  built  by 
Stout,  Mills  &  Temple,  of  Dayton,  Ohio.  One  is  68  and  the  other  72 
inches  in  diameter.  They  are  run  with  gates  wide  open,  under  a  head 
of  from  7  to  8  feet. 
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The  record  at  Dunsbach  Ferry  was  established  primarily  for  the 
purpose  of  checking  a  system  of  levels  which  were  run  for  the  United 
States  Board  of  Engineers  on  Deep  Waterways,  by  D.  J.  Howell,  C.  E., 
who  furnished  the  record  to  the  Geological  Survey.  No  record  was 
kept  from  April  1, 1899,  to  July  31, 1900. 

The  drainage  area  above  the  station  at  Dunsbach  Ferry  is  3,422 
square  miles. 

Daily  gage  height^  in  feet,  of  Mohawk  River  near  Durubach  Ferry ^  New  York,  for 

1898, 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.' 

Dec. 

1 

4.00 
a  60 
a  20 

aoo 

2.80 
2.00 
2.  so 
2.60 
2.60 
2.40 
2.40 
2.40 
2.40 
2.50 
2.60 
2.80 

aoo 

2.80 
2.70 
2.80 
a  20 

a  30 
a  40 

4.70 
7.00 

a  80 
a  20 

5.00 
4.30 

a  70 

a  20 
a  10 
a20 
aoo 

4.20 
4.20 
4.20 

a  60 
a  10 

2.00 
2.60 
2.40 

aoo 
aoo 
a  40 
aoo 

2.80 
2.00 
2.40 
2.50 
2.00 
2.60 
2.40 
2.50 

a  30 

4.80 
5.20 
5.20 
4.00 
a  40 

a  20 

aoo 

2.70 
2.40 
2.40 
2.40 
2.20 
2.00 
1.80 
1.70 
1.70 
1.80 
1.80 
2.70 

a  40 
a  10 

2.90 
2.60 
2.20 
2.00 
2.00 
2.00 
2.20 
a20 
2.00 
1.80 
1.70 
1.70 
1.60 
1.40 
1.40 

1.40 

1.00 

.60 

.40 

.20 

.00 

-.10 

.10 

-.10 

— .2i> 

-.30 

-.40 

.60 

—.60 

-.00 

-.60 

.80 

.70 

-.70 

1.70 

2.20 

1.90 

1.70 

.80 

-.20 

.00 

1.20 

1.80 

1.60 

1.20 

.60 

2.50 
a  60 
2.20 
2.70 
2.00 
a  60 

aoo 
a40 

2.00 
1.00 
1.80 
1.60 
1.20 
1.00 
.90 
.80 
1.40 
2.40 
2.60 
2.90 
a  40 
2.00 
2.60 

aoo 
a  10 
a  40 
a  20 

4.00 

a  20 

2.80 
2.80 

2.80 
2.40 
2.20 
2.20 
2.10 
2.20 
2.40 

aao 
aoo 

2.70 
2.30 
2.00 
1.80 
1.60 
1.40 
1.80 
1.30 
1.20 
1.20 
1.80 
2.20 
2.00 
2.00 
2.S!0 

aoo 

a:iO 
2.80 
2.8i 
2.60 
2.60 

2.4t) 
2.40 
a40 
2.40 
2.60 

aoo 

4.20 

ado 
a2o 
a  10 

2.80 
2.70 
&70 

aoo 
aoo 

4.90 
4.80 

aoo 
a  40 
aoo 
aoo 
a4o 

4.00 
4.20 
4.00 

aoo 

4.40 

a  40 
aoo 

4.80 

a  80 

am) 
a40 
aao 
aao 

3.00 

aoo 
aoo 
aon 
a  10  1 
aao 
a40  . 
aso  ; 

5.80 
4.», 
4.40 
4.00  1 

aeo 
aoo  1 
aoo ' 

4.80 
4.30  1 

a80 
an» 
a80  1 
aao 

8wfi0  1 

a50 
aoo 
aoo 
a.oo 

320 

2 

a  10 

3 

aoo 

4 

aoo 

5 

a  10 

6 

3«> 

7 

a9Q 

8 

aao 

9 

320 

10.... 

a20 

11 

a  10 

12 

7.60 

a  20 

8.40 
7.  SO 
a  40 
5.60 
5.60 
6.80 
a  60 

a  20 

5.40 

4.80 
4.80 
4.10 
a  80 

aoo 
a  60 

4.00 
4.80 
4.70 

aoo 

13 

2.90 

14 

2L80 

15 

2.80 

16 

2.80 

17 

aao 

18 

2.80 

19 

3.80 

20 

a80 

21 

a8o 

22 

aoo 

23 

aoo 

24 

4.60 

25 

4.  so 

26 

4.20 

27 

aao 

28 

a40 

29 

aoo 

30 

2.80 

31 

aao 

Daily  gage  height^  in  feet^  of  Mohawk  Biver  near  Dunsbach  Ferry,  New  York^  for 

1899. 


Day. 

Jan. 

aoo 
a  40 
a  20 
aao 

4.00 

aao 

5.00 
4.40 
4.00 

aoo 
a  20 
a  20 
aoo 
a  10 
aoo 

4.40 

Feb. 

Mar. 

4.00 

aao 
aoo 
aao 
a  40 
aoo 
aoo 

4.80 
4.20 
4.10 

aao 
aoo 
aoo 
aoo 

4.90 
4.60 

Day. 

Jan. 

FebL   '  Mar. 

1 

2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.40 
2.20 
2.20 
•2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

17 

4.20 
4.00 

aoo 
a4o 
a20 
aoo 
aoo 
aoo 
a  10 
a2o 
a20 
aoo 

2.80 
2.70 
2.70 

aao       4.40 

2 :...:...:...:;:.: 

18 

aao  1      aao 

3 

19 

2.40       aoo 

4 

20 

2.40  !        4.20 

5 

21 

2.00  '        4.40 

6 

22 

3.00  t        4.O0 

7 

28 

a40       aao 

8 

24 

4.00          4.00 

9 

25 

8.90  '        4.40 

10 

26 

3.00          4  (O 

11 

27 

8.50       aao 

12 

28 

3.80  r         S^OD 

13 

29 

3.O0 

14 

ao 

aoo 

15 

31 

a  50 

16 

NEW   YORK. 
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Daily  gage  height,  in  feet,  of  Mohawk  River  near  Dunabach  Ferry,  New  York,  for 

1900. 


Day. 

Aag. 

Sept. 

Oct. 

Nov. 

Deo. 

Day. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

2.30 
2.20 
2.10 
2.00 
2.10 
2.00 
2.00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
2.20 
2.80 

2.20 
2.20 
2.10 
2.00 
2.00 
1.80 
1.80 
1.80 
1.90 
2.00 
2.00 
2.20 
1.70 
1.70 
1.70 
1.70 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.80 
l.TO 
1.70 
1.80 
1.80 
1.80 
1.90 
1.90 

2.40 
2.40 
2.45 
2.35 
2.30 
2.20 
2.15 
2.20 
2.85 
3.55 
3.10 
2.90 
2.75 
2.55 
2.50 
2.50 

3.75 
3.70 
3.65 
3.50 
4.80 
4.80 
4.40 
4.40 
4.20 
3.70 
3.25 
3.00 
3.25 
3.20 
3.10 
2.95 

17 

2.70 
2.60 
2.40 
2.30 
2.20 
2.20 
2.00 
2.00 
2.00 
2.20 
2.20 
2.10 
2.00 
2.00 
2.20 

1.80 
1.80 
1.60 
1.60 
1.70 
1.80 
2.00 
2.50 
2.40 
2.20 
2.20 
2.20 
2.00 
2.00 

2.00 
2.20 
2.20 
2.20 
2.00 
2.00 
2.00 
2.00 
2.00 
2.76 
2.75 
2.50 
2.46 
2.50 
2.40 

2.46 
2.36 
2.40 
2.60 
3.60 
4.00 
3.80 
8.45 
8.30 
4.10 
6.50 
6.36 
6.50 
4.50 

2.86 

2 

18 

2.80 

3 

19 

2.90 

4 

20 

2.90 

3 

21 

2.85 

6 

22 

S.80 

7 

28 

2.00 

8 

24 

2.90 

9 

26 

3.35 

10 

26 

4.25 

11 

27 

3.75 

12 

28 

3.66 

13. 

20 

ad6 

14 

30 

3.20 

16 

31 

3.10 

16 

INDIAN  RIVER  AT  mDIAN  LAKE  DAM,  NEW  YORK. 

Indian  River,  a  tributary  of  the  upper  Hudson,  has  a  precipitous 
forested  mountain  area  of  146  square  miles  in  eastern  Hamilton 
County.  In  1898  a  masonry  storage  dam  was  built  at  the  foot  of 
Indian  Lake,  replacing  the  lumbermen's  dam  which  was  formerly 
there,  and  raising  the  level  of  the  artificial  lake  so  formed  23  feet. 
The  storage  capacity  of  the  present  lake  is  5,000,000,000  cubic  feet, 
the  area  of  its  water  surface  is  5,035  acres,  and  the  elevation  of  the 
spillway  crest  above  mean  tide  is  1,650  feet.  The  dam  was  built  by  a 
federation  of  water-power  users  on  Hudson  River,  in  cooperation  with 
the  State  of  New  York,  under  the  direction  of  Mr.  George  W.  Rafter, 
engineer  in  charge,  the  primary  object  being  to  store  flood  waters  from 
this  drainage  area,  to  be  turned  into  the  Hudson  during  the  low- water 
period  of  the  year,  thereby  equalizing  to  some  extent  the  flow  of  that 
stream.  Water  is  also  used  for  sluicing  logs  during  the  river  driving 
season.^ 

Since  July  22,  1900,  a  gaging  record  has  been  kept  at  the  dam,  with 
a  view  to  determining  the  total  outflow  from  this  reservoir.  The  facts 
recorded  are  the  elevation  of  the  water  surface  in  the  resei^voir,  the 
depth  of  water  flowing  over  the  spillway  or  flashboards,  the  depth  of 
opening  and  the  head  on  the  main  and  subsidiary  logways,  and  the  depth 
of  the  opening  and  the  effective  head  on  each  of  the  5-foot  sluice  gates. 
These  data  enable  a  calculation  of  the  outflow  from  the  I'eservoir  to  be 
made,  and,  by  comparison  with  gaging  records  kept  on  Hudson  River 
at  Fort  Edward  and  Mechanicsville,  the  effect  of  storage  on  the  low- 
water  flow  of  the  latter  river  can  be  determined. 

A  meteorological  station  has  been  established  at  the  dam  by  the 
United  States  Weather  Bureau,  and  records  are  kept  of  the  rainfall, 
temperature,  etc.  The  regimen  of  flow  of  Indian  River  below  the 
dam  is  largely  artificial,  though  in  the  course  of  a  year  or  more  the 
total  annual  run-off  of  the  drainage  area  will  appear  in  the  stream, 

*  Engineering  News,  May  18, 1809. 
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and  it  is  hoped,  in  the  course  of  time,  to  determine  the  relation  between 
the  rainfall  and  run-off  of  what  constitutes  a  rather  typical  Adiron- 
dack watershed. 

When  the  reservoir  is  full  the  excess  of  inflow  passes  over  the  spill- 
way, which  has  a  level  crest  106.05  feet  long  in  the  clear.  To  facili- 
tate the  calculation  of  discharge  over  this  spillway  a  series  of  experi- 
ments was  made  at  Cornell  University  June  6,  1899,  on  a  full-sized 
model  of  the  spillway  section  (6.58  feet  long),  from  which  the  proper 
coefficients  of  discharge  have  been  determined.^ 

The  discharge  through  the  two  5-foot  sluice  gates,  provided  for  the 
purpose  of  drawing  the  water  down  as  required,  is  calculated  from 
the  observed  head  and  from  the  area  of  the  lune-shaped  gate  orifices 
by  the  ordinary  formula,  the  value  of  the  coefficients  of  discharge  to 
be  applied  being  checked  by  current-meter  measurements  made  at  a 
convenient  bridge  below  the  dam. 

A  meter  measurement  of  the  flow  at  this  point  on  October  19, 1900, 
showed  the  rate  of  draft  from  the  reservoir  to  be  451  second-feet,  both 
sluice  gates  being  wide  open  and  under  an  effective  head  of  11  feet. 
A  measurement  of  Hudson  River  at  Mechanicsville,  made  on  the  after- 
noon of  the  following  day,  October  20,  showed  the  total  flow  at  that 
point  to  be  1,871  second-feet. 

The  following  table  shows  the  stage  of  the  Indian  Lake  reservoir 
during  the  year  1900,  the  depth  being  measured  from  the  base  of  the 
invert  of  the  5-foot  discharge  tunnels,  also  the  estimated  storage  capac- 
ity of  the  reservoir  at  different  depths: 

Estimated  storage  capacity  of  Indian  Lake  reservoir. 


Water  snrfaoe. 


Original  lake 

Lumbermen's  dam 

Crest  of  present  dam 

Top  of  ilashboards  of  present  dam 


Elevation. 


Feet 
1, 616-17 
1,627 
1,650 
1,651.1 


Area.         Storage  capacity. 


Acres. 
1,000 
8,007 
5,085 


CvhUfeet, 


800,000.000 
4,468,000,00) 
5,000,000,000 


Depth  of  water,  in  feet. 

in  Indian  Lake  reservoir.  New  York,  for 

2900. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

July. 

Aug. 

Sept. 

Oct, 

Nov. 

Dw. 

1 

29.42 
29.17 
28.02 
28.75 
28.68 
28. 8B 
28.26 
28.06 
27.92 
27.83 
27.67 
27.33 
27.28 
27.25 
27.21 
27.12 

26.01 
25.00 
24.88 
24.68 
24.83 
24.17 
23.92 
23.58 
28.29 
22.00 
22.71 
22.87 
21.00 
21.63 
21.25 
20.88 

16.00 
15.76 
15.46 
15.17 
14.87 
14.58 
14.42 
14.08 
13.79 
18.50 
18.21 
12.92 
12.67 
12.42 
12.26 
12.08 

8.62 
8.37 
8.17 
8.00 
7.79 
7.58 
7.42 
7.88 
7.88 
7.29 
7.26 
7.17 
7.00 
6.87 
6.71 
6.50 

■"9.W" 

'io.a" 

*i0.'42" 

io.'fs' 

17 

27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
26.92 
26.75 
86.63 
26.87 
26.17 
26.00 
26.88 
26.66 
26.83 

80.60 
80.08 
19.75 
19.42 
19.17 
18.87 
18.54 
18.25 
17.92 
17.58 
17.85 
16.92 
16.67 
16.83 

11.83 

11.54 

11.26 

11.82 

10.79 

10.54 

10.33 

10.12 

9.96 

9.79 

9.68 

9.88 

9.17 

8.96 

8.83 

6.83 
6.17 
6.W 
6.33 
6.50 
ft.  56 
6.58 

2 

18.... 
19:-.- 

....... 

KLIQ 

3 

4 

20 

5 

21 

6 

22 

28 

24 

25 

26 

27 

28 

29 

80 

31 

88.50 
33.00 
32.50 
32.17 
31.92 
81.26 
30.83 
80.42 
30.08 
29.75 

11.  te 

7 

8 

11.25 

9 

10 

11.* 

11 

12 

18 

»f»" 

11  63 

U 

16 

iSife' 

16 

Proc.  Am.  Soc.  Civ.  Engs.,  March,  1900,  p.  288. 
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SCHItOON  RIVER  AT  WARRENSBITRO,  NEW  YORK. 

A  gaging  record  was  established  at  the  dam  of  the  Schroon  River 
Pulp  Company,  2  miles  below  Warrensburg,  by  George  W.  Rafter, 
member  American  Society  of  Civil  Engineers,  November  1,  1895,  in 
connection  with  the  upper  Hudson  storage  surveys.*  The  conditions 
at  the  Warrensburg  gaging  station  are  somewhat  peculiar.  During 
ordinary  wat-er  an  attempt  is  made  to  turn  the  entire  flow  of  the 
stream,  less  leakage,  through  the  water  wheels,  which  n^n  24  hours  a 
day,  Sundays  excepted.  This  is  accomplished  by  the  use  of  flash- 
boards  and  by  draft  from  the  storage  impounded  by  the  Starbuck- 
ville  dam.  During:  extreme  low  water  the  mill  is  shut  down  altogether. 
As  a  rule,  no  water  passes  over  the  dam  at  this  time,  the  entire  flow 
leaking  through.  A  balance  is  maintained  between  the  inflow  and 
the  outflow  by  fluctuations  in  the  pond  level,  thereby  varying  the  pond 
storage  and  also  the  head  on  the  leaks.  As  no  record  is  kept  when 
the  mill  is  not  running,  it  has  been  necessary  to  estimate  the  low- water 
flow,  which  was  taken  at  150  second-feet  in  1899,  this  being  the  assumed 
leakage  of  the  Starbuckville  dam.*  The  apparently  uniform  regimen 
of  the  stream  during  considerable  periods  may  be  accounted  for  as 
the  result  of  draft  and  storage  from  the  Starbuckville  dam. 

A  current-meter  measurement  of  the  leakage  of  the  dam,  flume,  and 
flashboards  at  the  Schix)on  River  Pulp  Company's  mill  was  \nade  on 
August  9, 1900,  in  the  open  channel  about  a  half  mile  below  the  dam. 
The  flow  at  that  point  was  foiand  to  be  285  second-feet,  which  amount 
has  been  taken  as  the  low- water  flow  and  leakage  during  the  present 
year  (1900).  The  dam  is  of  timber,  and  was  considered  nearly  water- 
tight when  built,  but  there  is  evidence  that  the  leakage  has  increased 
year  by  year. 

The  flow  over  the  dam  without  flashboards  has  been  taken  from  a 
diagram  deduced  from  experiments  made  at  Cornell  University  on  a 
weir  having  a  similar  cross  section.  The  flow  over  the  flashboai*ds 
has  been  calculated  by  means  of  Francis's  formula,  with  a  constant 
coefficient  of  3.33. 

>  Ann.  Rept.  State  Engineer  and  Surveyor  of  New  York,  1886,  p.  118;  also  Water-Supply  and 
Irrigation  Paper  U.  S.  Oeol.  Survey  Na  3&,  p.  58. 

'  Report  on  a  water  supply  from  the  Adirondack  Mountains  for  the  city  of  New  York,  by 
Geo.  W.  Rafter:  Rept.  of  Merchants*  Association  of  New  York  on  the  water  supply  of  the  city 
of  New  York,  p.  337. 
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Daily  diachargef  in  second-feet,  of  Schroon  River  at  Warrevuburg,  New  York,  for 

1899. 

[Dndnage  area,  663  square  miles.] 


Day. 


I 

2 

3 

4 

6 

6 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

2a 

24    

26 

26 

27 

28 

20 

30 

31 

Mean 


Jan. 

Feb. 

Mar. 

Apr. 

♦641 

478 

478 

706 

641 

478 

478 

♦708 

641 

478 

478 

706 

641 

478 

478 

708 

641 

♦478 

♦478 

708 

641 

478 

478 

706 

60B 

478 

478 

706 

♦575 

478 

478 

706 

575 

478 

478 

♦1,999 

576 

478 

478 

3,291 

575 

478 

478 

3.291 

575 

♦478 

♦478 

3.291 

575 

478 

478 

8.201 

606 

478 

478 

3,201 

♦641 

478 

478 

8,291 

641 

478 

478 

♦3,382 

641 

478 

478 

8,443 

641 

478 

559 

3,443 

641 

♦478 

♦641 

3,443 

641 

478 

641 

3,443 

608 

478 

641 

3,443 

♦575 

478 

641 

8,443 

575 

478 

641 

♦4,273 

575 

478 

718 

5,103 

575 

478 

718 

5,103 

575 

♦478 

♦718 

5.103 

575 

478 

718 

5,108 

576 

478 

718 

5,108 

♦575 

718 

5,103 

575 

718 

♦6,108 

575 

478 

718 

606 

564 

2,877 

May.  j  June. 


4,864 
4.854 
4,864 
4,864 
4,854 
4.854 

♦4,487 
4,121 
4,121 
4.121 
4,121 
4,121 
8,483 

♦3,807 
3,121 
3,121 
2.931 
2,931 
2.061 
2.381 

♦2.181 
1.981 
1.981 
1.081 
1.981 
1.981 
1,506 

♦1,448 
1,881 
1,391 
1,391 


3,150 


1.506 

1,606 

1,506 

♦1,387 

1.228 

1.228 

1.228 

1.288 

1,228 

1,228 

♦1,228 

1,228 

1.228 

1.228 

1,228 

1,228 

1.228 

♦1.288 

1,228 

1.228 

1,228 

1,228 

1,228 

970 

♦675 

381 

381 

381 

381 

881 


1.093 


July. 

Aug. 

Sept. 

Oct 

304 

160 

150 

♦381 

♦304 

150 

1.50 

381 

304 

160 

♦150 

381 

304 

160 

150 

381 

304 

150 

150 

478 

304 

♦150 

150 

478 

304 

150 

150 

478 

304 

150 

150 

♦478 

♦304 

150 

150 

478 

304 

160 

♦150 

478 

304 

150 

150 

478 

304 

150 

150 

478 

150 

♦IfiO 

ISO 

478 

150 

150 

150 

478 

150 

160 

150 

♦478 

♦150 

150 

IdO 

■  478 

160 

150 

♦150 

478 

150 

ISO 

150 

478 

150 

150 

150 

478 

150 

♦160 

3K1 

478 

150 

150 

881 

478 

160 

150 

881 

♦4TB 

♦150 

150 

381 

478 

150 

150 

♦381 

478 

160 

150 

381 

478 

150 

150 

381 

478 

150 

♦150 

381 

478 

150 

150 

381 

478 

150 

150 

3K1 

♦478 

♦150 

150 

381 

478 

150 

150 

478 

210 

150 

234 

462 

Nov. 


1.468 

1.468 

1,468 

1.4flB 

♦1.468 

1.488 

1.488 

1.488 

1.318 

1.318 

1,171 

♦1.106 

1.041 

983 

801 

881 

841 

841 

♦841 

841 

841 

841 

841 

841 

841 

♦774 

706 

706 

708 

7106 


1.047 


Dec. 


♦TO 

908 

TQH 

7» 

7QS 

3W 

?W 

♦TO 

7W 

7l» 

831 

teS 

I.OU 

1.101 

♦1.127 

l,lo3 

1.15S 

L153 

1,153 

I.IS 

1.153 

♦1.153 

l.US 

1.153 

i,ia 

i.im 

1.041 

l.Otl 

♦1,041 


9tsi 


*  Sunday. 

Daily  discharge,  in  second-feet,  of  Schroon  River  at  Warrensburg,  New  York^for 

1900. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14.... 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

28 

27 

28    

29 

30 

31 

Mean 


Jan. 


810 
810 
810 
810 
810 
810 

♦810 
810 
810 
810 
810 
810 
810 

♦810 
810 
810 
810 
810 
81U 
810 

♦810 
810 
810 
810 
810 
810 
810 

♦810 
810 
810 
810 

810 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

810 

1,360 

♦1,182 

3,965 

1,065 

♦885 

285 

286 

810 

1.200 

1.215 

2.886 

1,217 

810 

286 

♦286 

810 

1,230 

1,315 

2.625 

♦1.349 

810 

286 

285 

♦810 

♦1.204 

1.895 

2,805 

1.665 

810 

285 

286 

810 

1.178 

1,536 

2,156 

1.990 

810 

♦285 

286 

810 

1,140 

1.535 

♦2,045 

1.890 

810 

285 

286 

810 

1,123 

1,741 

1.986 

1.890 

810 

285 

286 

810 

1.123 

♦1.947 

1.748 

1.H90 

.♦810 

286 

285 

810 

1.123 

2.156 

1,715 

1,890 

616 

286 

♦286 

810 

1,123 

2.155 

1,715 

♦1,725 

616 

285 

285 

♦1,895 

♦1,123 

2.156 

1,715 

1,566 

616 

285 

286 

2,035 

1,123 

2.225 

1,715 

1,425 

616 

♦286 

285 

1,165 

1,128 

2.805 

♦1,670 

1,300 

616 

806 

285 

1.946 

1,123 

2.465 

1,625 

1.290 

616 

806 

286 

1,945 

1,123 

♦2,766 

1,605 

1,300 

♦616 

806 

285 

1,045 

1,123 

3,065 

1,585 

1,300 

539 

806 

♦285 

1,945 

1,123 

8,385 

1,545 

♦1.187 

689 

806 

285 

♦1,892 

♦1,120 

3,545 

1.535 

1,076 

538 

806 

285 

1,840 

.  1,117 

4,115 

1,525 

968 

366 

♦285 

286 

1,795 

l,lft7 

5,365 

♦1,470 

963 

366 

806 

285 

1,710 

1,100 

7,010 

1,415 

963 

286 

806 

286 

1,608 

1,089 

♦7.745 

1,375 

963 

♦285 

806 

286 

1,606 

1,085 

6,945 

1,356 

063 

285 

806 

♦286 

1,608 

1,065 

6,945 

1,295 

♦963 

285 

612 

286 

♦1,571 

♦1,085 

6,210 

1.296 

963 

286 

612 

285 

1.535 

1.065 

6,685 

1.125 

963 

285 

♦286 

286 

1,475 

1,1.55 

6,815 

♦1,085 

968 

286 

286 

285 

1,435 

1,130 

5,366 

1,065 

968 

286 

286 

286 

1,110 

♦5,095 

1.085 

968 

♦286 

285 

286 

1,110 

4.825 

1,066 

968 

285 

266 

♦286 

1,110 

1,085 

286 

286 

474 

1,380 

1,140 

3,688 

1.688 

1,280 

588 

285 

Oct 


285 

535 
635 


Not.  Dec 


517 
517 

♦285 
536 
535 
535 
517 
517 
517 

♦285 
536 
535 
535 
617 
517 
517 

♦285 
585 
536 


517 
617 
517 


685 

S35 

488 


517 
617 
617 


517 
517 
517 


S35 


635 

517 

5ir 

517 


401 


♦2S5 


«8 

♦3N6 
980 


574 


SH9 
♦285 

r* 

7^ 

7* 

•as 

i   •:* 


580  f      77^ 


806 


Sunday. 


NEW    YORK.  75 

HUDSON  RIVER  AT  FORT   EDWARD,  NEW   YORK. 

This  station,  located  at  the  dam  of  the  International  Paper  Company, 
was  established  in  1895,  by  Gteorge  W.  Rafter,  member  American 
Society  of  Civil  Engineers,  in  connection  with  upper  Hudson  storage 
surveys.  The  dam  is  of  timber,  on  slate  rock  foundation,  and  has  but 
little  leakage.  The  crest  is  straight,  very  nearly  level,  and  687.6  feet 
in  length.  The  zero  of  the  crest  gage  stands  at  the  level  of  the  lip  of 
the  dam  proper.  Flashboards  from  15  to  18  inches  in  height  are  usu- 
ally maintained  on  the  dam.  A  record  is  kept  of  the  heif  ht  of  the  flash- 
boards  and  of  the  times  of  their  setting  and  removal. 

In  the  adjoining  mill  there  are  62  water  wheels,  nearly  all  of  mod- 
ern tyi)es,  which  have  been  tested  at  the  Holyoke  flume.  A  record  is 
kept  of  the  daily  run  of  each  wheel,  in  hours,  as  well  as  of  the  work- 
ing head,  which  usually  is  19  feet.  The  discharge  through  the  tur- 
bines is  estimated  from  diagrams  expressing  the  flow  as  a  function 
of  the  working  head  and  the  number  of  wheel-hours  run. 

In  the  winter  of  1896-97  a  flood  spillway  was  cut  around  the  south 
end  of  the  dam,  over  which  the  water  flows  whenever  it  reaches  the 
level  of  the  crest  of  the  flashboards.  The  profile  of  the  spillway  is 
very  irregular,  and  causes  some  uncertainty  in  the  calculated  flows 
during  high  water. 

When  the  flashboards  are  off  the  flow  is  computed  by  means  of  the 
East  Indian  Engineers'  formula;  *  when  they  are  on  the  flow  is  com- 
puted by  Francis's  well-known  formula  for  sharp-crested  weir.  Dur- 
ing the  dry  season  little  water  passes  over  the  dam,  the  entire  flow 
being  employed  to  drive  the  turbines.  A  current-meter  measure- 
ment was  made  at  the  highway  bridge  below  the  dam  on  July  26, 1900, 
and  the  flow  was  found  to  be  2,704  second-feet. 

1  MalUn'B  Irrigation  MaLaal. 
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Daits  diteharge,  in  necond-feet,  of  Hvdton  River  at  Fort  Edward,  New  York,  far 

1899. 

[Drainage  am.  2310aqaaTe  mtlea.] 


D«T. 

Jan. 

Feb. 

Har. 

Apr. 

i.3in 

I, on 

o;778 

•|3 

17,078 

as 

■31.170 

•|| 

IS,S11 

May, 

June. 

Jnly. 

Aub. 

Sapt 

Oct. 

Not-Idw. 

.11 

i 

.11 

1 

4,2S 

<:m6 

7,071 

MS 

■s 

3  711 

:£: 

•3.ase 

3.879 
K-VM 

i 

3,t»l 

•3.ffl6 
sisiB 

Is 

•i.iso 
n,:«i 

i 
i 
1 

liam 

8,358 

l.t|l 

•3;  IBS 

IllB 
,110 

.an 
.Mai 

iwi 
i;.aw 

l^BTT 

fi 

'•20 

■1 
li 

2. 834 

1 

■1.216 
1,28S 

'■i 

1.187 

2,171 
l.WH 

!:S 

li 

m 

LOU 
1.348 

i.as7 

.1 

'.ae 
lam 

.niH 

,2K 
2!  WW 

ilssi 

1,8S2 

1 
J 

if 

liiSkt 

•i 

1 
ii 

1.136 

'.« 

1.110 

w: 

827 

•  20 

i:| 
1 

!»io 

•■s 

.Sll 
.IMII 

:S 
1 

I.St3 

1 

■I'il 

i 

i 

i 

lo.'.'.'.'.V.'...'. 

i,ii«  r.^i 

1* 

1^-- 

4s  rS 

a) 

§::::::::::: 

I.TO     l.'O 

^r 

S!:::::;::::: 

31 

Mean. 

3.6 
3.2 
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HUDSON   RIVER  AT  MECHANICSVILL.B,  NEW  YORK. 

A  record  of  the  flow  of  Hudson  River  at  Mechanicsville  has  been 
kept  by  the  Duncan  Company  since  December,  1888.  The  record 
includes  two  daily  readings  of  the  depth  of  water  on  the  crest  of  the 
dam  and  a  continuous  record  of  the  water  wheels  in  the  adjoining 
pax)er  miU.  The  accompanying  tables  give  the  daily  mean  flow  at 
Mechanicsville,  computed  by  Mr.  R.  P.  Bloss,  the  engineer  of  the 
Duncan  Company.  A  record  is  kept  of  the  length  and  height  of  the 
flashboards  at  all  times,  with  the  dates  of  their  setting  and  removal. 

The  flow  over  the  dam  has  been  computed  by  the  Francis  formula 
for  the  Merrimacdam,  ^=3.01  LW'^,  L  being  794  feet.  The  same 
formula  has  been  used  in  all  cases,  whether  flashboards  are  on  or  off. 

The  flow  through  the  water  wheels  has  been  taken  from  the  rating 
tables  of  the  manufacturers.  The  working  head  on  the  wheels  varies 
from  15  to  17  feet,  depending  on  the  condition  of  the  flashboards  on 
the  dam.  A  test  made  by  Mr.  Bloss  of  a  39-inch  Hercules  wheel  in 
the  mill,  which  has  been  in  use  about  eight  years,  shows  the  actual 
discharge  to  be  substantially  the  same  as  that  given  in  the  manufac- 
turers' t-ables  when  running  at  the  speed  of  greatest  efficiency.  When 
running  at  higher  speeds  the  discharge  may  be  several  per  cent  less. 

A  current-meter  measurement  of  the  flow  below  the  dam  was  made 
at  the  Mechanicsville  toUbridge  October  20,  and  showed  a  discharge 
of  1,871  second -feet.  The  result  is  somewhat  uncertain,  however, 
owing  to  slack  water.  No  water  was  flowing  over  the  dam,  and  the 
calculated  turbine  discharge  was  1,977  second-feet. 

The  flow  of  Hudson  River  at  Mechanicsville  has  been  calculated 
by  George  W.  Rafter,  member  American  Society  of  Civil  Engineers, 
using  the  East  Indian  Engineers'  formula  for  flow  over  dam.^  This 
formula  gives  a  somewhat  greater  discharge  than  that  obtained  by 
using  the  Francis  formula  for  the  Merrimac  dam. 


>  Rept.  State  Engineer  and  Surveyor  of  New  York,  1896,  p.  106;  also  Water-Supply  and  Irriga- 
tion Paper  U.  S.  (}eol.  Survey  No.  U,  p.  78 
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Daily  discharge,  in  aecond-feet,  of  Hudton  River  at  Meehanieaville,  New  York,  for 

1898. 
[DnUnBge  kre*,  UOD  aqaare  miles.] 


aD[scli>rga  Aa^atSS  to  September  1  ■pproiimate.  owing  to  Irregnlar  lUshbcMrda. 
Daily  discharge,  i 


Mar.    June.  July. 


Ang.   Sept.    Oct. 


u.ns  I'la.we   ; 


2,280    : 


£,wa  : 

E,G(H  ] 

2,373  ; 

3,280  : 


3,187     I 
S.S18   . 

e,i»i   £.5se   t,«s 


l,4Hi    : 


1,518  Z.8» 

a.  us  E,3W 

a,oao  £,L» 

.    B,U7  S,iU 

4.418  (•) 

1,810  S,1W 
B,Blfi 

,m    B,(H  S.SIS 


a» 

S.!>" 

•S.4» 

S,TS1 
1,«B  ' 

"•S5  ( 
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nccond-feet,  of  Hudton  River  at  MeehanicavUle,  New  York,  for 


,  s,asa 

B,SW 

<   E,3n 


9  &«! 

»  4.08 

»  4.061 

I  ■s.no 


:     8,774 

a.  MR 

I     8,141 


CROTON  RIVER  AT  OLD  CROTON  DAM,  NEW  YORK. 

Records  of  the  yield  of  the  Croton  watershed  have  been  prepared 
by  the  engineers  of  the  aqueduct  commission.  Tables  of  the  monthly 
dischai^e  of  the  river,  in  second -feet,  for  the  years  1870  to  1898,  inclu- 
sive, were  printed  in  the  Twentieth  Annual  Report,  Part  IV,  page  83, 
;tiid  in  the  Twenty-first  Annual  Report,  Fart  IV,  i>age  75,  is  a  table 
of  the  rainfall  and  mn-ofl  of  the  watershed  for  the  years  1868  to  1899, 
inclusive.  The  following  table,  furnished  by  Mr.  W.  R.  Hill,  chief 
engineer  of  the  aqueduct  commiBsion,  is  the  record  for  1900.  The 
figures  of  rainfall  are  those  obtained  at  Boyds  Corners,  in  Croton 
Basin. 
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Estimated  monthly  discharge  of  Croton  River  at  old  Croton  dam,  New  Yorkjor 

1900. 

[Drainage  area,  338  square  miles.] 


Month. 


January 

February 

March 

April 

May 

Jane 

July 

Aognst 

September 

October 

November 

December 

The  year 


Discharge. 


Second-feet 
537 
2,179 
1,724 
658 
716 
857 
78 
77 
107 
174 
346 
689 


624 


Total 


Acre-feet, 

88,020 

121,082 

106, 018 

82, 915 

43,991 

21,254 

4,774 

4,716 

6,857 

10, 674 

20,573 

89,258 


Run-off. 


PersQoare 
le. 


rsqi 


Seeondrfeet 
1.59 
6.45 
5.10 
1.64 
2.12 
1.06 
.23 
.28 
.32 
.51 
1.02 
1.89 


Depth. 


444,577 


1.86 


Indut. 

1.83 

6.71 

5.88 

1.83 

3.45 

1.18 

.27 

.27 

.36 

.59 

1.14 

3.18 


BaiDfalL 


34.69 


5.06 
2.16 
6.40 
2.17 
4. -28 
ITS 


il 


4.73 
4.91 
2.58 


49.48 


DELAWARE  RIVER  AT  LAMBERTVILLE,  NEW  JERSEY. 

This  station,  which  was  established  July  23,  1897,  by  E.  G.  Paul,  i^ 
described  in  Water-Supply  Paper  No.  36,  page  62.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  77.  During  1900  the  following  measurements 
of  discharge  were  made  by  Mr.  Paul: 

May  22:  Gage  height,  5.10  feet;  discharge,  17,750  second-feet 
September  27:  Qage  height,  2.95  feet;  discharge,  1,824  second-feet 

Daily  gage  lieightf  in  feet,  of  Delaware  River  at  LambertvUle^  New  Jersey,  for  IM 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

4.25 
4.20 
4.30 
4.40 
4.50 
4.40 
4.30 
4.40 
4.60 
4.56 
4.46 
4.30 
4.36 
4.40 
4.50 
4.46 
4.30 
4.75 
6.00 
7.16 
6.50 
6.00 
6.86 
6.95 
6.96 
6.70 
5.25 
4.95 
4.80 
4.66 

May. 

June. 

1 

Jnly. 

Aag. 

1 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

5.66 

4.86 

s.m 

3.70 
3.60 
3.85 
3.80 
3.70 
4.45 
7.70 
7.75 
6.20 
6.76 
6.25 
6.00 
5.20 

\"a] 

(a) 

7% 
6.86 
6.76 
6.30 
6.46 
6.60 
6.95 
6.65 
6.60 
7.46 
11.40 
9.70 
8.10 
6.65 
6.95 
6.25 
5.05 
4.90 
6.06 
9.66 
8.70 
7.10 
6.10 
6.25 
4.90 

6.40 
12.00 
10.70 
7.95 
6.80 
6.20 
6.05 
5.80 
6.00 
6.60 
6.46 
6.20 
4.90 
4.60 
4.66 
4.60 
4.20 
4.20 
4.10 
6.16 
6.90 
6.30 
6.65 
6.30 
6.16 
6.00 
4.85 
4.95 
4.60 
4.50 
4.85 

4.46 
4.86 
4.25 
4.20 
4.05 
4.00 
8.95 
3.90 
8.80 
8.80 
8.90 
8.80 
a80 
8.80 
8.70 
8.60 
8.60 
4.00 
4.80 
6.85 
5.40 
6.05 
4.60 
4.26 
4.15 
4.05 
8.95 
3.75 
8.60 
8.60 
3.46 

3.30 
3.40 
3.46 
3.66 
3.80 
a70 
3.66 
3.85 
3.30 
3.66 
8.86 
3.80 
8.60 
3.45 
8.95 
8.95 
3.85 
8.70 
8.46 
8.46 
8.26 
8.20 
8.06 
8.15 
8.20 
8.16 
8.00 
2.90 
2.70 
2.70 

2.65 
2.60 
2.60 
2.90 
8.10 
3.40 
8.80 
8.65 
8.66 
8.65 
8.50 
3.86 
8.85 
8.20 

aso 

8.10 
8.86 
a26 
8.80 
8.86 
8.80 

aso 

a86 

a  46 
a  86 

4.86 
4.10 
a86 

a  66 
a  60 
a  60 

a  40 
a  16 
a  00 
ao6 
ao6 

2.70 

a  26 

2.70 
2.60 
2.66 

aso 

2.66 
2.66 
a  06 

a  06 
aso 
a  86 
a  80 
a  95 
a  16 
a  10 
a  96 
a9o 
aso 
a  66 
a  10 
ao5 
a96 
aso 
a  86 
aio 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

2B 

30 
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Sept 


a  96 

a  06 

2.75 
2.90 

a  70 
a70 
a  60 
a  66 
a  90 

2.86 

aoo 
a  25 
aio 
aoo 
a  86 

8.46 

a25 

8.4)0 

aoo 

2.70 

a66 

2.65 
2.85 
a86 
2.80 
a90 
8.96 
a  90 
8.66 
a  96 


aoo 
aso 
afis 
a66 
a  80 
a56 
a  75 
a  70 
a76 
a75 
a75 
a60 
aso 
a  15 
a95 
aoo 
a80 
a60 
a  40 
a85 
a60 
a65 
a25 
aio 
aio 
aso 
afio 
ass 
aso 
ass 
afls 


Nov.  Dec 


S.80 
2.75 
S.85 
3.9) 
8.SS 

a.  9) 

ai5 
3.20 

a  10 

1« 

2,75 
2.S5 
2.70 

tap; 

2.  So' 

2.85, 

2.K 
2.80  I 
2.75 

8.10 

a40 
ai5 

8.75, 

3.  so  I 
4.10 
i75 
4.40 


4#^ 

1» 
S«> 
f« 
l* 
{6 
4J 
3S 

i»' 
la' 
(fl 
(I' 

10 
(0 

11 
(■" 
ifl' 
(0 

if 

J5P 
1« 
45 

4.<5 


a  Frozen. 
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TOHICKON  CREEK  AT  POINT  PLEASANT,  PENNSYLVANIA. 

The  stream  is  described  in  the  Twentieth  Annual  Report,  Part  IV, 
page  98,  which  also  contains  (pages  98-103)  the  figures  for  monthly  flow 
for  the  years  1890  to  1898.  Figures  for  daily  flow  for  1899  were  pub- 
lished in  Water-Supply  Paper  No.  35,  page  64.  In  the  Twenty-first 
Annual  Report,  Part  IV,  pages  83  to  85,  will  be  found  the  monthly  flow 
for  1899  and  diagrams  of  the  discharge  from  1883  to  1899,  inclusive. 
The  following  tables  give  the  figures  for  daily  flow  since  1883,  when 
the  station  was  established,  from  which  the  diagi'ams  were  constructed. 
Daily  records  of  gage  heights  were  not  kept  during  1900.  The  average 
monthly  discharge,  which  will  appear  in  the  Twenty-second  Annual 
Report,  Part  IV,  has  been  computed  by  Mr.  John  E.  Codman, 
hydrographer  of  the  water  department  of  the  city  of  Philadelphia, 
from  the  rainfall  and  the  monthly  flow  of  Neshamlny  and  Perkiomen 
creeks. 


Daily  discharge,  in  aecondrfeet,  of  Tohickon  Creek  at  Point  Pleasant ^  Pennsylvania^ 

for  1883. 

[Drainagie  area,  lOtBbS  square  miles.] 


Day. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec 

1 

3 

6 

10 

28 

24 

U 

11 

11 

13 

7 

12 

7 

9 

6 

7 

18 

15 

90 
65 

30 
88 
28 
28 
30 
30 
30 
36 
161 
118 
79 
64 
48 
29 
20 

49 
46 
48 
81 
48 
37 
41 
61 
81 
122 
81 
41 
41 
41 
41 
41 
41 

18 

11 
5 
4 
3 
4 
2 
2 
5 
5 
8 
6 
5 
6 

7 

9 

18 

12 

12 

18 

466 

189 

90 

96 

60 

366 

687 

179 

20 
15 
28 
17 
21 
18 
18 
21 
24 
280 
166 
85 
49 

41 

2 

19 

41 

3 

20 

41 

4 

21 

110 

5 

22 

100 

6 

23 

100 

7 

24 

100 

8 

25 

100 

9 

26 

27 

100 

10 .... 

100 

11 

28 

260 

12 

29 

260 

13 

4 
7 
7 
1 
2 

30 

210 

14 

31 

280 

15 

Mean 

16 

5 

77 

58 

86 

17 

IBB  47—01- 


^ 
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Daily  discharge,  in  aecond-feetf  of  Tohickon  Creek  ai  Point  Pleasant,  I^ennsiflvania, 

for  1884. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aag. 

Sept. 

Oct. 

Not.  I 

Dec 

13 

1 

831 
478 
515 
445 
854 
354 
467 
2.608 
3,492 
2,740 
1,579 
590 
600 
602 
890 
390 
390 
377 
361 
361 
382 
409 
409 
400 
400 
400 
409 
411 
415 
415 
415 

703 

406 

395 

895 

806 

396 

896 

1,980 

2,412 

1,270 

1,270 

880 

899 

1,748 

2,108 

585 

434 

621 

1,218 

1,000 

1,862 

1,314 

1,204 

2,008 

900 

855 

789 

628 

607 

802 

384 
876 
868 
860 
419 
892 
865 
862 
858 
866 
1,118 
1,871 
1,148 
425 
410 
895 
880 
866 
1,114 
1390 
414 
400 
880 
1,000 
425 
800 
568 
836 
821 
806 
385 

360 
883 
400 
279 
217 
155 
92 
80 
408 
378 
2«K 
805 
SSS 
141 
160 

aoo 

258 
216 

ira 

109 
46 
42 
88 
44 
85 
28 
21 
15 
15 
41 

29 
26 
20 
20 
20 
20 
19 
18 
17 
120 
150 
108 
75 
848 
204 
93 
54 
86 
84 
49 
67 
50 
48 
29 
24 
22 
15 
18 
10 
10 
9 

10 

10 

8 

6 

5 

7 

8 

9 

10 

85 

85 

84 

88 

33 

88 

88 

83 

84 

84 

83 

81 

22 

9 

4 

4 

4,379 

1,460 

1,242 

1,024 

807 

589 

872 

247 

216 

2,8U9 

1,607 

868 

612 

266 

181 

89 

25 

81 

31 

81 

81 

26 

22 

22 

15 

15 

15 

10 

9 

9 

7 

5 

7 

11 

20 

22 

85 
41 
80 
62 
100 

loa 

76 

42 

38 

22 

20 

20 

19 

11 

10 

8 

5 

5 

4 

4 

4 

7 

12 

11 

9 

4 

3 

4 

17 

26 

28 

29 
18 
18 
18 
11 
5 
7 
7 
7 
7 
9 
6 
2 
2 
8 
3 
3 
3 
4 
4 
2 
3 
8 
4 
5 
4 
2 
2 
2 
6 

7 
6 
5 
5 
5 
4 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 

0 

« 

4 
5 

4 

5 

8 

2U 

9Q 

SSO 

150 

2 

125       m 

3 

IQS     m 

4 

205         1f> 

6 

818         44 

6 

7 

2S3  <     SSt 

81     laao 

1 :::::::;:::::: 

64      3n» 

21       ]M 

10 

21         r 

11 

12 

2S ,    m 
S3     «e 

13 

19     6a 

14 

15 

12       1> 

12    LIK 

16 

12       ^ 

17 

12       19 

18 

12       W 

19 

10        73 

20 

13       21 

21 

25 

25 

46 

889 

211 

106 

68 

S» 

22 

U 

23 

3B 

24 

211 

26 

IS 

26 

IS 

27 

IdD 

28 

ss      s 

29 

SKA  i     ¥K 

an 

31 

159       if" 

;  ti; 

353 

Mean  .... 

900 

580 

175 

57 

814 

242 

25 

7 

12 

108 

DaUy  discharge,  in  second-feet,  of  Tohickon  Creek  at  Point  Pleasant,  Piennsylvania^ 

for  1885. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

81 

Mean 


Jul. 


2,614 

480 

188 

138 

140 

1,609 

949 

232 

176 

167 

82 

1,404 

423 

108 

203 

784 

1,287 

216 

101 

94 

87 

91 

98 

101 

104 

97 

82 

90 

96 

99 

89 


Feb. 


401 


75 

73 

72 

75 

58 

79 

116 

135 

425 

1,463 

1,885 

738 

408 

283 

477 

607 

724 

238 

218 

202 

192 

177 

163 

150 

116 

107 

90 

86 


340 


Mar. 

Apr. 

May. 

June. 

July. 

59 

1,291 

50 

8 

1 

61 

1,004 

62 

12 

2 

102 

518 

60 

15 

3 

119 

1,018 

60 

10 

3 

183 

3,664 

55 

18 

109 

218 

2,411 

28 

12 

325 

231 

868 

87 

9 

107 

196 

208 

172 

6 

14 

174 

169 

186 

9 

5 

115 

146 

82 

10 

5 

83 

118 

63 

10 

4 

69 

118 

63 

9 

4 

60 

112 

63 

4 

3 

64 

76 

61 

2 

3 

149 

76 

29 

4 

3 

162 

76 

25 

6 

3 

202 

76 

23 

8 

1 

180 

69 

23 

3 

1 

178 

42 

22 

7 

1 

170 

42 

16 

6 

1 

116 

40 

14 

6 

1 

69 

29 

14 

5 

0 

64 

29 

14 

4 

0 

51 

29 

19 

4 

1 

190 

29 

20 

1 

1 

692 

36 

25 

2 

1 

931 

39 

18 

4 

1 

1,027 

48 

20 

5 

1 

783 

49 

16 

4 

1 

788 

49 

15 

2 

1 

860 

12 

1 

265 

415 

44 

7 

20 

Aug.  I  Sept. 


1 

35 

606 

1,489 

188 

50 

68 

210 

180 

120 

54 

29 

38 

61 

49 

29 

25 

19 

17 

I 

11 

18 

17 

17 

14 

10 

8 

13 

12 

5 

8 


112 


8 
7 

I 

7 

2 

5 

5 

4 

6 

4 

6 

6 

7 

4 

1 

3 

5  \ 

2 

1 

1 

5 

1 

1 

4 

2 

2 

1 

1 

1 

1 


Oct.   .  Not.  ,  Dee. 


3 


1 
5 
3 
S 
5 
3 
6 

t! 

10 
3 
18 
12 
14  < 
12 

^I  ! 

^® 

6  { 

8 

44 

112 


84 


131 
61 


1,137 


34 
17 
24 
27 
24 
12 


Ul 
M 

fli 
57 
41 
46 


2B 
33 


214 

no 

410 


»4 
147 


J" 


1« 
Ifil 

US 
1> 
IV 

IS 

SP 

tli 
X 
fit 

le 

w 

144 

!_• 
T' 

C 

9 
» 

t 


31 


PEKKSYLVANIA. 


83 


Daily  discharge,  in  second-feet,  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania, 

for  1886. 


Day. 


1 
2 

3 
4 
5 
6 
t 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Mean 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

278 

172 

169 

2,523 

82 

29 

24 

17 

3 

2 

16 

112 

187 

169 

647 

21 

25 

19 

21 

1 

4 

12 

83 

118 

149 

196 

17 

27 

20 

18 

5 

4 

14 

833 

146 

139 

149 

26 

36 

10 

12 

2 

8 

12 

3,352 

188 

130 

222 

28 

87 

17 

11 

1 

1 

8 

720 

132 

95 

3,692 

28 

24 

15 

9 

2 

1 

18 

148 

126 

65 

2,820 

24 

28 

12 

15 

1 

2 

9 

113 

120 

50 

1.085 

2.121 

19 

10 

18 

1 

8 

9 

105 

114 

44 

428 

1,746 

18 

9 

22 

3 

2 

7 

182 

96 

42 

239 

848 

22 

14 

16 

2 

1 

9 

207 

4,060 

41 

160 

160 

42 

19 

11 

1 

1 

10 

258 

6,360 

38 

150 

117 

82 

21 

7 

6 

8 

9 

236 

5,404 

46 

285 

649 

26 

19 

8 

4 

2 

28 

176 

2,299 

42 

283 

1.319 

176 

16 

10 

6 

1 

30 

110 

1,302 

46 

130 

313 

482 

16 

7 

5 

2 

33 

149 

886 

41 

85 

678 

181 

266 

5 

2 

2 

28 

150 

207 

38 

72 

283 

96 

878 

6 

2 

1 

21 

150 

142 

35 

52 

186 

72 

182 

6 

2 

2 

166 

227 

149 

43 

60 

116 

30 

275 

7 

2 

1 

418 

372 

136 

46 

43 

\& 

26 

83 

6 

2 

5 

96 

110 

107 

2.061 

43 

140 

26 

61 

8 

5 

1 

42 

171 

140 

1,088 

32 

117 

22 

62 

4 

6 

1 

31 

223 

91 

308 

26 

237 

1,090 

40 

3 

8 

2 

446 

163 

87 

146 

31 

140 

825 

26 

4 

2 

1 

621 

311 

1,123 

125 

37 

116 

210 

20 

8 

1 

2 

766 

197 

2,108 

101 

35 

94 

128 

366 

6 

1 

4 

2.064 

117 

324 

100 

36 

n 

81 

100 

6 

2 

8 

257 

679 

231 

783 

34 

81 

64 

36 

8 

1 

15 

107 

964 

948 

82 

67 

38 

28 

7 

3 

17 

73 

908 

2,150 

24 

43 

28 

25 

3 

1 

12 

61 

200 

2,596 

41 

129 

25 

2 

16 

388 

910 

882 

438 

304 

60 

9 

2 

4 

180 

X^^OGa 


62 

46 

60 

110 

104 

68 

88 

68 

63 

86 

65 

28 

34 

262 

283 

166 

226 

872 

1.016 

710 

280 

148 

09 

148 

065 

886 

180 

108 

142 

144 

176 

212 


Daily  discharge,  in  second-feet,  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania, 

for  1887. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

2 

330 
400 
300 
220 
150 
180 
130 
120 
100 
110 
130 
115 
110 
720 
744 
416 
252 
236 
145 
113 
110 
175 
523 
2,544 
1,112 

eu2 

214 

202 

1,473 

1,542 

416 

206 
100 
107 
127 
155 
136 
438 
884 
838 
531 
770 
623 
276 
168 
426 
644 
320 
1,581 
2.357 
463 
252 
832 
375 
641 
466 
166 
613 
466 

246 

155 

152 

121 

96 

86 

180 

816 

736 

1.149 

612 

210 

150 

145 

109 

88 

66 

51 

50 

48 

50 

125 

276 

284 

045 

884 

351 

1,538 

540 

176 

144 

106 

101 

132 

153 

142 

101 

73 

61 

54 

44 

40 

46 

40 

33 

33 

as 

24 

40 
162 
312 
131 

83 

67 
113 

06 
134 
147 

88 
100 

92 

57 
40 
39 
88 
36 
29 
244 
669 
508 
195 
118 
73 
58 
43 
31 
37 
34 
26 
20 
20 
18 
16 
20 
31 
45 
32 
24 
17 
31 
19 

188 

161 

148 

90 

60 

40 

85 

44 

88 

34 

25 

17 

23 

20 

14 

11 

14 

13 

9 

25 

27 

23 

1,483 

446 

139 

63 

46 

30 

25 

23 

18 

12 

10 

11 

434 

1,858 

419 

149 

82 

79 

68 

43 

35 

23 

15 

14 

70 

63 

40 

29 

22 

19 

78 

335 

284 

106 

57 

42 

30 

26 

36 

1,148 

196 

279 

86 

52 

85 

116 

68 

46 

24 

22 

39 

39 

22 

24 

18 

21 

19 

16 

22 

19 

23 

166 

1,883 

549 

161 

89 

47 

36 

27 

23 

20 
18 
16 
14 
16 
Id 
13 
10 
11 
11 
10 
180 
340 
111 
59 
41 
31 
18 
21 
.  15 
19 
15 
17 
14 
10 
12 
14 
19 
25 
20 

18 
20 
25 
26 
22 
22 
14 
16 
11 
14 
14 
13 
14 
13 
11 
9 
7 
11 
10 
10 
90 
75 
54 
85 
25 
22 
10 
17 
22 
14 
21 

24 

18 
16 
18 
14 
15 
9 
14 
15 
13 
20 
18 
18 
16 
22 
20 
20 
16 
22 
47 
79 
49 
35 
28 
27 
27 
19 
21 
27 
30 

26 
83 

3 

4 

24 
24 

5 

20 

6 

24 

7 

86 

8 

85 

0 

80 

10.. 

11 

70 

1,201 

12 

13 

630 
470 

14 

114 

15 

428 

16 

706 

17 

205 

18 

75 

19 

131 

20 

137 

21 

184 

22 

201 

23 

320 

24 

234 

25 

177 

2« 

187 

27 

158 

28 

701 

29 

1,130 

30 

31 

'6^ 
806 

Mean 

449 

617 

842 

03 

87 

110 

145 

173 

38 

23 

24 

288 

84 


OPEBATION8    AT   RTVEK   STATIONS,   1900, — ^PABT  I.      [sa*! 


Daily  discharge,  in  secondrfeety  of  Tohickon  Creek  at  Point  Pleasant,  J^tuykam, 

forlSSS. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept 

Oct 

Not.!  Dec. 

1 

3,190 
3,482 
688 
294 
217 
154 
196 
660 
514 
237 
148 
151 
188 
280 
234 
384 
006 
714 
647 
690 
500 
869 
360 
310 
185 
226 
242 
405 
120 
86 
289 

571 

150 
160 
116 
100 
201 
446 
712 
671 
606 
621 
401 
253 
208 
190 
122 
104 
118 
127 
362 
1,877 
2,768 
1,761 
800 
828 
2,188 
1,660 
661 
526 
277 

122 
120 
180 
164 
154 
125 
106 
85 
83 
79 
100 
908 
128 
750 
478 
380 
670 
620 
484 
960 

2,660 

1,886 
604 
268 
151 
178 

1,688 
988 

1,380 
680 
460 

818 

285 

180 

181 

082 

2,019 

1,790 

Oil 

185 

780 

1,797 

485 

287 

382 

844 

254 

291 

150 

113 

108 

86 

63 

61 

52 

44 

41 

88 

83 

82 

86 

37 
32 
81 
28 
28 
28 
20 
81 
38 
84 
39 
88 
02 
78 
70 
68 
51 
45 
45 
S2 
47 
86 
84 
86 
89 
88 
86 
87 
68 
78 
57 

48 

88 

22 

27 

27 

22 

25 

17 

12 

14 

18 

20 
22 

27 

17 

6 

6 

4 

8 

8 

0 

12 

9 

6 

8 

8 

8 

7 

10 

18 

11 
7 
9 
4 

11 
3 
8 
7 
4 
8 
8 
6 

11 
7 
8 
8 
8 
4 
8 
2 
2 
8 
7 
8 
5 
5 
6 

11 

10 
9 
9 

8 
8 
7 
11 
16 
22 
14 
47 
48 
11 

84 
89 
23 
15 
18 
15 
11 
4 

892 
8.489 

333 
92 
52 
80 
25 
24 
19 
15 
17 

21 
IB 
20 
17 
21 
19 
9 
10 
26 
111 
199 
604 
837 
165 
87 
108 
1.351 
5,546 
1,991 
270 
2,710 
472 
191 
117 
84 
75 
73 
60 
41 
36 

88 
40 
37 
85 

ae 

78 

286 

1» 

96 

47 

86 

88 

41 

48 

42 

48 

43 

36 

86 

S3 

68 

56 

48 

86 

110 

8S 

491 

693 

694 

289 

131 

186 

1 
94,    141 

2 

80     2N 

8 

76     SS 

4 

71      «1 

5 

65      ^ 

6 

00      8 

7 

51      ft< 

8 

49      S 

9 

67     R 

10 

386    ae 

11 

494     19 

12 

173    m 

18 

98:      H 

14 

81 '     71 

15 

1,130    ;i 

16 

983      6 

17 

18: 

833 ,  -m 

237   i,m 

19 

935     134 

20 

8U 
3U 
175 

m 

13! 
13S 
214 
43 
401 

m 

169 

\» 

21 

m 

22 

23 

96 

24 

u: 

26 

R 

26 

27 

28 

29 

80 

34» 

1» 

Ul 

31 

91 

-   - 

Mean.... 

637 

656 

383 

46 

15 

7 

157 

499 

» 

m 

Daily  discharge,  in  second-feet,  of  Tohickon  Creek  at  Point  Pleasa'styPemaifmk, 

for  18S9. 


Day. 


1 

86 

2 

87 

3 

77 

4 

72 

5 

124 

6 

968 

7 

637 

8 

9 

263 

601 

10 

1,080 

11 

288 

12 

148 

18 

104 

14 

99 

15 

87 

16 

81 

17 

1,580 

18 

742 

19 

280 

20 

112 

21 

22 

418 
387 

23 

263 

24 

211 

26 

258 

26 

813 

27 

778 

28 

1,006 

28 

440 

S. :..:::::::.:: 

187 

81 

191 

Mean 

389 

Jan. 


Feb. 


124 

99 

92 

86 

82 

71 

89 

125 

148 

88 

61 

60 

60 

61 

45 

70 

514 

819 

683 

228 

143 

04 

66 

51 

74 

73 

45 

87 


149 


Mar. 


86 

52 

386 

2,567 

2.141 

320 

196 

134 

108 

100 

84 

79 

92 

97 

84 

75 

88 

105 

118 

214 

951 

623 

266 

158 

114 

97 

112 

124 

104 

87 

841 


Apr. 


296 

958 

380 

188 

1.38 

108 

83 

78 

75 

66 

55 

53 

64 

67 

t)4 

61 

56 

54 

49 

49 

44 

42 

71 

54 

29 

424 

2,120 

1,439 

582 

241 


264 


May. 


135 

101 

70 

71 

68 

54 

48 

48 

42 

86 

43 

40 

40 

44 

44 

88 

87 

34 

16 

868 

911 

460 

186 

96 

68 

68 

867 

744 

244 

118 

80 

151 


June. 


840 

441 

156 

82 

64 

62 

45 

39 

32 

31 

31 

242 

SOS 

63 

110 

66& 

263 

888 

161 

82 

60 

88 

83 

28 

29 

807 

610 

214 

868 

215 


189 


July. 


210 


1,482 

1,063 

607 

574 

128 

80 

54 

88 

70 

111 

n 

141 
2,166 

787 

188 
82 

802 
1.875 

422 

180 
88 
60 
48 
41 
58 
66 
91 

844 
4.714 

570 


Ang. 


2,602 

815 

887 

•  196 

211 

194 

U9 

84 

66 

62 

55 

51 

88 

2,115 

2,m 

406 

164 

98 

60 

60 

48 

41 

87 

89 

88 

86 

37 

88 

22 

19 

20 

384 


Sept. 


17 

16 

17 

15 

20 

11 

9 

11 

11 

14 

16 

16 

44 

100 

165 

632 

2,019 

8.028 

920 

867 

201 

163 

115 

85 

450 

524 

260 

140 

98 

70 


Oct 


317 


Not.  I  Dec. 


68 

49 

46 

42 

35 

83 

31 

89 

38 

55 

66 

314 

216 

lU 

66 

51 

44 

48 

97 

126 

104 

67 

72 

57 

2.968 

1.646 


194 

147 

207 


1811    ^ 
8131    HB 


m 

131 

m 

3,394 

2,308 
406 


1, 


983 


163 
457 


7» 

S,7« 
645 


73 

SI 
IS 

111 


]»\  I^ 

U9,   5J 

1.041'   f 

816,    J 
are    i> 
t 


557!  2 


§ 


733,    12 


PENNSYLVANIA. 
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Daily  discharge^  in  secondrfeet,  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania^ 

for  1890. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 ,.. 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mean 


Jan. 


61 

63 

67 

61 

62 

96 

102 

87 

76 

67 

48 

45 

49 

46 

1,110 

1,686 

422 

160 

108 

169 

265 

109 

120 

109 

78 

50 

62 

71 

64 

97 

160 


181 


Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

114 

766 

176 

41 

51 

14 

84 

849 

W 

34 

60 

125 

95 

124 

126 

34 

83 

486 

166 

92 

878 

24 

38 

687 

239 

87 

721 

461 

37 

147 

131 

88 

191 

282 

38 

71 

76 

71 

148 

297 

107 

47 

2,612 

71 

182 

158 

66 

36 

2.000 

64 

778 

116 

41 

46 

293 

71 

768 

78 

32 

23 

176 

568 

241 

60 

22 

18 

141 

978 

128 

53 

91 

12 

117 

440 

99 

47 

485 

12 

420 

1,182 

84 

117 

362 

12 

806 

1.993 

68 

1,087 

118 

16 

192 

688 

61 

480 

65 

18 

124 

228 

64 

146 

46 

19 

107 

166 

48 

88 

88 

20 

94 

182 

48 

66 

36 

17 

098 

151 

42 

214 

31 

12 

414 

1,290 

36 

292 

31 

12 

146 

2,942 

42 

117 

34 

11 

107 

1,906 

44 

70 

35 

4 

IB6 

422 

39 

63 

44 

9 

214 

36 

42 

42 

11 

219 

438 

42 

1,278 

27 

317 

164 

264 

51 

1,967 

20 

122 

482 

1,605 

56 

416 

17 

68 

919 

50 

164 

15 

43 

206 

43 

92 

26 

34 

161 

67 

29 

371 

602 

166 

270 

68 

79 

Aug. 


22 

17 

12 

16 

18 

68 

32 

27 

25 

21 

16 

22 

19 

14 

13 

11 

10 

14 

27 

478 

290 

130 

160 

57 

38 

36 

405 

261 

95 

119 

45 


81 


Sept. 

Oct. 

Nov. 

84 

28 

75 

30 

18 

64 

27 

810 

52 

21 

788 

48 

17 

194 

48 

18 

96 

42 

12 

294 

38 

14 

281 

87 

12 

168 

85 

17 

91 

37 

10 

67 

45 

16 

49 

107 

97 

25 

89 

438 

64 

68 

612 

75 

48 

797 

78 

43 

624 

965 

112 

179 

406 

249 

81 

143 

100 

43 

118 

80 

32 

104 

64 

32 

79 

64 

32 

469 

85 

22 

2,624 

82 

24 

944 

41 

24 

368 

31 

27 

183 

26 

23 

122 

21 

23 

103 

33 

22 

128 
115 

27 

112 

aao 

63 

Dec 


28 

35 

62 

87 

87 

74 

74 

140 

184 

60 

44 

46 

142 

141 

61 

64 

248 

1,044 

289 

154 

121 

90 

88 

68 

80 

178 

198 

191 

106 

73 

66 


186 


Daily  discharge^  in  second-feet  of  Tohiekon  Creek  at  Point  Plecuant,  Pennsylvania, 

for  1891. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

61 

1,807 

1,421 

243 

160 

116 

148 

104 

86 

67 

767 

2.881 

854 

179 

127 

94 

185 

748 

267 

188 

141 

2,461 

1,146 

864 

260 

260 

234 

204 

466 

1,260 

1,001 

1.726 
1,106 
779 
614 
213 
180 
210 
687 
516 
972 
386 
204 
162 
130 
97 
976 
782 
820 
663 
241 
761 
1,071 
]{R3 
190 
248 
418 
406 
272 

202 

148 

110 

86 

93 

98 

82 

116 

n3 

1,600 

601 

718 

1,184 

627 

238 

168 

228 

113 

97 

256 

2,858 

1,219 

1,004 

606 

241 

168 

119 

105 

96 

79 

79 

125 

178 

814 

406 

178 

126 

104 

91 

77 

68 

118 

797 

273 

133 

102 

82 

75 

73 

62 

61 

45 

45 

46 

61 

49 

38 

32 

28 

28 

27 

24 

20 
21 
61 
61 
40 
34 
33 
29 
22 
26 
25 
15 
18 
18 
24 
20 
27 
29 
27 
21 
23 
18 
16 
12 
20 
19 
21 
15 
20 
16 

19 
18 
13 
11 
12 
13 
12 
14 
26 
24 
16 
18 
12 
7 
14 
12 
26 
16 
16 
35 
23 
30 
28 
23 
22 
14 
21 
17 
6 
9 

8 

7 

8 

7 

7 

6 

6 

5 

13 

9 

12 

6 

4 

7 

3 

7 

3 

34 

299 

120 

62 

41 

28 

29 

31 

25 

23 

17 

671 

611 

515 

1?^ 

91 

60 

38 

31 

31 

31 

81 

23 

21 

16 

19 

16 

14 

43 

47 

54 

687 

672 

167 

77 

57 

214 

3,159 

2,700 

616 

237 

606 

857 

845 

415 

276 

128 

92 

78 

826 

506 

249 

116 

68 

49 
49 
42 
36 
30 
23 
26 
31 
24 
67 
67 
18 
18 
18 
13 
13 
13 
16 
15 
7 

85 

10 
11 
10 

8 
15 
16 
11 
20 
16 
10 

9 
11 
18 
12 
10 
10 

7 
18 

6 

95 

70 

127 

212 

100 

62 

86 

98 

49 

89 

33 

29 

27 
30 
20 
17 
17 
18 
21 
16 
7 
16 
20 
29 
27 
29 
24 
21 
58 
136 
98 
61 
46 
42 
128 
886 
106 
84 
75 
65 
64 
69 

66 

2 

38 

3 

38 

4 

5 

681 

1,418 

330 

6 

7 

915 

8 

464 

9 

281 

10 

129 

11 

99 

12 

82 

13 

78 

14 

60 

15 

63 

16 

60 

17 

63 

18 

74 

19 

71 

20 

46 

31 

22 

80 
41 

23 

410 

24 

1,670 

25 

1,400 

26 

668 

27 

819 

28 

20 

291 
184 

30 

887 

31 

351 

Mean  .... 

545 

540 

446 

144 

26 

17 

81 

349 

39 

68 

879 

86 


OPERATIONS   AT   BIVEB   STATION'S,      1900. — ^PABT  I.      [soa: 


Daily  discharge,  in  second-feet,  of  Tohickon  Gr^e^lc  cLt  I^Oint  Pleamnt,  Pmnsglmm, 

for  1892, 


Day. 


1 
•> 

3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 


Mean 


Jan. 

Feb. 

Mar. 

Apr. 

May. 
40 

—  1 

JTily. 

Ang. 

Sept 

Oct 

Not. 

Dec 

148 

157 

1,645 

113 

re  1 

69 

21 

20 

15 

8 

190 

1,000 

145 

831 

100 

47 

eo 

46 

87 

16 

8 

9 

^ 

1,177 

206 

433 

100 

169 

43 

249 

31 

12 

11 

K 

71 

262 

237 

848 

106 

108 

A& 

455 

33 

10 

14 

6 

« 

158 

180 

283 

95 

70 

CM: 

164 

21 

15 

17 

9 

» 

108 

140 

218 

86 

00 

73 

78 

24 

19 

14 

9 

s; 

120 

1S4 

237 

73 

65 

68 

44 

9 

13 

7 

6 

« 

156 

119 

1,421 

61 

57 

43 

81 

15 

18 

8 

• 

157 

250 

176 

1,447 

57 

51 

OO 

26 

15 

16 

7 

8,    3S0 

122 

129 

625 

47 

48 

6&S 

ao 

16 

12 

9 

57'   m 

100 

102 

390 

49 

30 

287 

19 

16 

5 

11 

301     KB 

79 

67 

207 

37 

42 

106 

18 

57 

9 

14 

113      18 

2,863 

n 

130 

35 

30 

«1 

16 

101 

10 

U 

M      U 

3,158 

79 

97 

33 

89 

4e 

17 

38 

13 

6 

48'    » 

2,580 

72 

84 

133 

143 

41 

14 

2S 

17 

8 

803,   (Q 

660 

77 

68 

177 

125 

3!S 

12 

23 

13 

8 

2,98S     »i 

260 

86 

66 

90 

86 

31 

10 

13 

15 

6 

8S'    1% 

261 

74 

86 

67 

67 

S9 

11 

14 

13 

8 

W     t» 

1,618 

53 

87 

42 

66 

ir 

12 

11 

16 

6 

8M     «: 

880 

86 

66 

35 

840 

2S3 

7 

9 

17 

7 

E09      81 

352 

73 

65 

44 

401 

23 

6 

11 

27 

4 

3J0      S 

161 

109 

65 

96 

629 

1& 

6 

10 

11 

8 

88;     Ik 

146 

112 

65 

191 

468 

15 

8 

10 

18 

6 

M      K 

131 

106 

2n 

131 

250 

17 

9 

8 

25 

4 

51'    IS 

121 

92 

727 

71 

177 

lO 

8 

9 

13 

4 

48'    M 

119 

156 

574 

67 

132 

20 

8 

12 

m 

6 

40     Uk 

129 

190 

1,096 

46 

1,333 

a» 

6 

80 

59 

1       11 

35     Ul 

193 

121 

1,116 

46 

622 

2X 

n 

98 

33 

1      10 

180     JH 

277 

87 

413 

60 

184 

^*    1 

s 

75 

2? 

'        fl 

m     Iff 

226 

194 

60 

112 

1^     1 

9 

80 

19 

6 

196     m 

166 

136 

86 



12 

90 

5 

680 

116 

433 

77 

188 

"1 

46 

29 

24 

8 

2as 

,    I* 

DaUy  discharge,  in  second-feet,  of  Tohickon  Cret^Mc  cat*  .I^nrd  Pleasant,  ftnnm/wnw, 

for  1893, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne 

■\^ 

1 

474 

1,406 

301 

1S8 

104 

100 

131 

140 

140 

160 

204 

160 

236 

208 

138 

165 

170 

118 

95 

63 

64 

72 

106 

93 

61 

50 

65 

53 

83 

312 

511 

197 

480 

808 

1,866 

1,118 

948 

1,166 

1,113 

742 

820 

2,597 

1,7*5 

437 

462 

846 

905 

1,113 

672 

248 

237 

201 

162 

136 

114 

92 

87 

87 

87 

73 

78 

97 

108 

108 

106 

103 

87 

108 

965 

2,200 

800 

2.400 

856 

575 

600 

380 

251 

191 

166 

162 

197 

246 

266 

295 

318 

254 

158 

114 

97 

92 

83 

78 
68 
51 
68 
50 
41 
49 
140 
145 

i:i2 

249 
156 
106 
358 

1,687 
701 
238 
166 
136 
615 

1,903 
448 
185 
135 
102 
97 
237 
289 
100 
118 

293 

279 
348 
832 

2.994 

1,102 

872 

418 

207 

124 

89 

81 

71 

62 

58 

&5 

330 

919 

618 

301 

87 

71 

57 

54 

49 

46 

42 

40 

33 

81 

33 

33 

««/" 

2 

^ 

3 

21    ' 

4 

20 

5 

19 

6 

37 

7 

96 

8 

53 

9 

£ 

10 

37  1 

11 

32 

21 
87 
14 

13 

17 

16 

16 

13 

9 

9 

170 

217 

58 

25 

42 

88 

26 

21 

21 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mean  — 

665 

402 

833 

40 

J 

Oct    Not.  Dec 


51  12 

48  Vt 

48  M 

\M  ^'^ 

1.8W  4> 


PENNSYLVANIA. 
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Daily  dUcharge,  in  second-feet,  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania, 

for  1894. 


Day. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

U 

IX 

18 

14 

16 

16 

17 

18 

19 

» 

21 

2S 

23 

U 

25 

26 

27 

28 

29 

30 

31 

Mean 


Jan. 


78 
76 
76 
61 
74 
114 
131 
109 
87 
70 
52 
46 
iA 
49 
49 
64 
64 
61 
51 
46 
41 
43 
46 
61 
89 
96 
75 
68 
68 
107 
137 


Feb. 


125 

113 

89 

66 

88 

119 

156 

116 

661 

1,113 

911 

883 

140 

140 

119 

107 

113 

928 

1,606 

1,257 

723 

879 

206 

118 

161 

161 

161 

231 


71 


378 


Mar. 

Apr. 

216 

64 

148 

62 

297 

62 

790 

54 

1,066 

254 

1,174 

141 

1,102 

92 

488 

79 

258 

71 

3S» 

73 

188 

78 

16;) 

128 

131 

1,168 

100 

1,288 

92 

800 

102 

223 

98 

144 

71 

103 

67 

79 

64 

71 

61 

71 

71 

80B 

634 

321 

351 

132 

143 

101 

122 

81 

100 

68 

76 

70 

70 

68 

79 

47 

19 

276 

209 

May. 


47 

41 

36 

33 

34 

34 

68 

53 

60 

42 

28 

29 

16 

17 

19 

17 

17 

16 

17 

616 

8,660 

4,810 

904 

1,827 

1,677 

460 

228 

1,386 

2,252 

506 

207 


760 


Jnne. 

Jnly. 

Aug. 

Sept. 

267 

20 

7 

4 

189 

16 

6 

4 

142 

12 

8 

3 

126 

10 

26 

3 

91 

12 

80 

2 

76 

29 

24 

2 

64 

47 

36 

3 

61 

81 

18 

4 

49 

22 

8 

6 

40 

17 

6 

20 

34 

16 

6 

31 

27 

11 

5 

38 

28 

7 

6 

25 

23 

10 

6 

28 

20 

7 

6 

20 

19 

3 

8 

21 

15 

6 

8 

28 

16 

10 

11 

8,610 

14 

8 

11 

3,656 

10 

ft 

8 

1,306 

12 

11 

8 

246 

7 

68 

9 

83 

7 

49 

9 

60 

6 

26 

9 

41 

18 

21 

10 

29 

36 

14 

6 

23 

29 

10 

6 

19 

26 

8 

11 

20 

19 

6 

4 

36 

19 

4 

4 

28 

6 

4 

49 

17 

10 

306 

Oct. 


13 

16 

11 

12 

13 

11 

7 

9 

12 

1,674 

886 

127 

125 

186 

116 

68 

47 

39 

84 

32 

27 

23 

21 

29 

725 

in 

168 
99 
67 
62 

649 


Nov. 


186 


189 

1,198 

707 

719 

282 

646 

430 

224 

168 

116 

88 

71 

61 

66 

79 

104 

104 

73 

73 

97 

93 

76 

63 

61 

49 

44 

46 

39 


246 


XJGGm 


37 

242 

430 

163 

97 

73 

58 

126 

606 

284 

685 

3,342 

1,811 

377 

195 

143 

119 

97 

83 

75 

66 

61 

58 

67 

46 

42 

44 

83 

109 

148 

113 

316 


DaUy  discharge,  in  second-feet,  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania, 

for  1896. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

Jnly. 

Ang. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2 

62 

62 

80 

89 

127 

60 

381 

628 

418 

498 

2,942 

1,109 

202 

204 

146 

146 

169 

169 

112 

80 

88 

79 

89 

107 

107 

1,632 

516 

184 

141 

97 

102 

138 

156 

180 

163 

119 

198 

104 

71 

54 

92 

168 

168 

108 

92 

70 

51 

40 

36 

49 

58 

148 

246 

256 

256 

246 

246 

266 

902 

1,286 

1,064 
706 
496 
362 
248 
197 

1,116 
943 
494 
461 
817 
383 

1,619 
437 
200 
166 
192 
343 
430 
328 
388 
862 
334 
626 
676 
299 
229 
189 
132 
114 

122 

117 

-210 

239 

131 

99 

89 

1,404 

3,867 

1,760 

616 

146 

1,131 

1,191 

628 

271 

117 

88 

76 

62 

61 

49 

47 

48 

41 

41 

42 

50 

76 

92 

107 
86 

167 
47 
42 
39 
40 
37 
36 
36 
31 
25 
29 
39 

166 
93 
63 
44 
31 
38 
38 
85 
82 
33 
84 
23 
81 

361 

120 
53 
50 

38 
33 
39 
32 
26 
67 
68 
47 
26 
29 
23 
20 
26 
22 
12 
10 
9 
10 
11 
11 
9 
10 
8 
7 
9 
14 
16 
41 
46 
60 

61 

96 

61 

67 

579 

648 

240 

100 

64 

35 

27 

21 

18 

12 

16 

18 

12 

11 

10 

8 

8 

25 

20 

14 

12 

11 

11 

9 

7 

11 

7 

7 

6 

8 

310 

146 

29 

16 

9 

12 

10 

9 

41 

27 

25 

17 

17 

8 

6 

10 

9 

6 

7 

6 

5 

5 

4 

4 

6 

4 

4 

4 
8 
6 
6 
2 
4 
6 
6 
4 
3 
3 
3 
8 
3 
3 
3 
3 
3 
8 
8 
3 
3 
3 
3 
3 
3 
3 
8 
8 
3 

8 

3 

3 

3 

2 

3 

3 

3 

4 

3 

3 

5 

15 

26 

27 

25 

19 

14 

14 

11 

5 

7 

8 

7 

6 

6 

6 

5 

6 

5 

8 

16 
23 
23 
29 
16 
22 
21 
17 
12 
10 
9 
15 
13 
12 
13 
12 
11 
16 
22 
15 
15 
11 
12 
9 
9 
16 
63 
78 
38 
27 

22 
64 

8 

176 

4 

6 

86 
61 

6 

38 

7 

25 

8   

20 

9 

18 

10 

11 

20 

18 

12 

14 

13 

17 

14 

11 

16 

8 

16 

6 

17 

7 

18 

7 

19 

7 

20 

6 

21 

14 

28 

420 

23 .- 

24 

242 

91 

25 

64 

26 

16 

27 

60 

28 

68 

29 

57 

80 

64 

31 

109 

Mean.... 

361 

167 

476 

426 

62 

25 

71 

32 

3 

8 

20 

69 

OPEEATIONS   AT   BtVEK   STATIONS,     1900.  - 


D«T. 

Jul. 

Feb. 

Hw. 

Apr. 

May. 

Jaoa. 

July. 

.„. 

Sept. 

« 

K„, 

Dn 

an 

i 

1 
i 

13 

! 

G 

i 
i 

M 

W 

8.ns 

1 

aot 

1 

i 
1 

Ml 

SO 

i 

SB 

i 

71 

77 

^1 

5i 

1 

AS 

Ti 

38 

i 
1 
1 

SS 
SB 

so 

IS 

1 

13 
13 

ll 

7 

i 

1 
1 

3t 

i 

\ 
i 

1 

J 

IS 

1 

15 

a 
i 

1 
1 

lis 

IT 

1 

1 
I 

\ 

a 

! 

a 

s 
s 

10 

'S 

: 

H 
» 

iS 

M 

■1 

in 

! 

s 

S 

n 

1 

i 
i 

5 

\i 

'fia 

! 

M«n.... 

« 

186 

"• 

m 

*7 

" 

=» 

M 

" 

" 

fl. 

=• 

DaUy  diaeharge,  in  aeeond-feei,  of  IWitcfcon  Cr«ek  at  Fiai-nt  PUatant,  ftnnqft™*". 


Apr.   Hay.  Jotie,  Jnly. 


-A.»iK.     Sept    Oct.    NoT-lDet. 


IS 

e 

1 

s,| 

i? 

'^'  ! 

"ii^ 

1 

J  S 

10 

3» 

13 

w 

_ 

« 

11 

' 

s 

PEKW8TLVANIA. 
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Daily  discharge^  in  seeond-feet^  of  Tchickon  Creek  at  Point  Pleasant,  Pennsylvania, 

f(yrl898. 


Iky. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

JiUy. 

Aug. 

Sept. 

Oct. 

Not. 

Deo. 

1 

188 

181 

90 

49 

40 

86 

66 

87 

87 

87 

87 

144 

289 

216 

452 

696 

261 

107 

87 

376 

746 

867 

2,890 

680 

226 

270 

320 

480 

370 

138 

260 

110 

99 

96 

96 

90 

89 

87 

80 

73 

78 

66 

460 

684 

827 

268 

106 

188 

182 

154 

4.100 

1,737 

860 

427 

281 

150 

116 

07 

07 

82 
67 
70 
79 
79 
68 
64 
61 
68 
40 
48 
48 
47 
43 
30 
30 
30 
80 
80 
80 
57 
376 

4m 

804 
288 
175 
181 
242 
808 
1.078 
488 

261 

181 

08 

82 

80 

88 

HI 

108 

73 

66 

68 

73 

68 

00 

38R 

280 

154 

80 

71 

68 

64 

61 

68 

660 

644 

828 

288 

626 

810 

323 

151 

108 

79 

71 

73 

100 

404 

2,040 

1.711 

808 

220 

837 

657 

246 

1.201 

847 

780 

200 

146 

125 

117 

01 

60 

207 

573 

767 

406 

266 

158 

110 

80 

65 
68 
44 

85 

81 

81 

27 

14 

15 

16 

16 

16 

16 

20 

16 

16 

11 

0 

0 

0 

10 

0 

5 

6 

6 

6 

7 

7 

4 

4 

4 

6 

4 

8 

6 

6 

8 

8 

8 

3 

2 

4 

3 

8 

8 

5 

5 

6 

5 

7 

17 

20 

13 

7 

11 

•   11 

11 

11 

5 

8 

8 

7 

18 

8 

10 

28 

96 

44 

89 

89 

826 

674 

167 

74 

40 

86 

82 

26 

17 

134 

88 

64 

39 

27 

23 

21 

22 

14 

6 

11 

11 

5 

7 
7 
7 
8 
5 
5 
6 
14 
14 
9 
0 
7 
7 
7 
8 
6 
7 
6 
6 
4 
4 
6 
8 
18 
15 
5 
7 
10 
0 
7 

6 

8 

5 

6 

6 

7 

5 

8 

4 

6 

6 

6 

0 

4 

6 

8 

8 

.  17 

28 

28 

24 

70 

70 

62 

66 

224 

406 

m 

68 

04 

160 

118 

60 

46 

87 

81 

81 

27 

81 

28 

1,608 

1,007 

867 

146 

107 

80 

00 

00 

878 

3,451 

806 

279 

136 

811 

618 

288 

210 

186 

104 

248 

841 

864 

2 

271 

8 

201 

4 

1,280 
2.982 

5 

6 

688 

7 

466 

8 

130 

9 

87 

10 

70 

11 

71 

12 

18 

14 

65 
68 
48 

16 *..-. 

16 

51 
46 

17 

86 

18 

28 

19 

27 

20 

472 

21 

581 

2S 

23 

237 
2.184 

24 

536 

26 

251 

26 

131 

27 

28 

107 
80 

29 

30 

81 

70 

73 

114 

Meui .... 

888 

897 

162 

106 

447 

17 

7 

'   66 

8 

64 

412 

375 

Daily  discharge,  in  second-feet,  of  Tohickon  Creek  at  Point  Pleasant,  Pennsylvania, 

far  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Joly. 

Aug. 

• 

4 

300 

267 

113 

52 

28 

22 

17 

15 

264 

417 

182 

66 

38 

28 

10 

14 

12 

11 

8 

8 

6 

7 

7 

3 

2 

360 

317 

62 

84 

27 

00 

Sept. 

Oct 

Nov. 

Dee. 

1 

144 
186 
154 
204 
1.178 
1.800 
1,4C0 
506 
606 
418 
124 
158 
160 
186 
311 
432 
660 
488 
258 
177 
116 
64 
70 
626 
2,(J66{ 
302 
230 
145 
166 
160 
184 

158 

126 

118 

151 

184 

210 

180 

142 

180 

188 

110 

90 

110 

102 

65 

157 

416 

782 

767 

606 

014 

1.414 

1.582 

1.000 

641 

616 

8,222 

1,068 

798 

600 

601 

706 

2,810 

1,100 

520 

277 

217 

208 

418 

1,225 

1,702 

410 

700 

034 

348 

602 

2,402 

988 

308 

1,061 

1,006 

440 

220 

024 

633 

770 

1.807 

620 

289 

178 

181 

07 

70 

08 

01 

78 

1,328 

880 

100 

108 

02 

87 

70 

70 

153 

308 

144 

84 

08 

01 

58 

68 

40 

40 

45 

41 

30 

80 

30 

86 
81 
81 
81 
81 
27 
28 
28 
28 
20 
28 
86 
27 
81 
81 
20 
17 
20 
28 
20 
17 
17 
20 
17 
17 
16 
12 
0 
12 
14 
16 

15 
0 
0 

10 

I 

7 
7 
5 
8 
0 
6 
7 
6 
3 
6 
5 
4 
3 
2 
2 
7 
2 
2 
7 
7 
12 
5 
17 
27 

14 
11 
10 
12 
10 
10 
8 
8 
7 
6 
7 
6 
7 
11 
0 
6 
7 
7 
8 
8 
3 
5 
8 
8 
3 
4 
4 
4 
6 
7 
4 

18 

18 

0 

98 

42 

28 

10 

16 

287 

210 

208 

400 

163 

68 

46 

86 

18 

18 

28 

708 

646 

404 

230 

61 

42 

1,522 

604 

158 

78 

51 

46 

40 

27 

25 

28 

18 

•  20 

23 

20 

17 

17 

16 

13 

11 

10 

0 

0 

0 

0 

0 

0 

0 

14 

16 

18 

18 

11 

11 

10 

12 

17 

62 
181 
121 
921 
866 

^ 
78 

68 

68 

40 

86 

42 

51 

53 

47 

46 

47 

45 

38 

34 

83 

33 

40 

57 

44 

85 

80 

81 

86 

80 

84 

2 

84 

3 

44 

4 

40 

6 

6 

44 

80 

7 

80 

8 

80 

9 

81 

10 

28 

11 

27 

1J5 

44 

18 

86 

U 

101 

16 

00 

16 

17 

40 
44 

18 

19 

30 
30 

20 

86 

21 

101 

22 

65 

28 

63 

24 

870 

25 

26 

27 

013 

203 

07 

28 

70 

29 

65 

30 

58 

31 

40 

Mean.... 

410 

646 

797 

144 

22 

7 

7 

2n 

17 

04 

113 

90 
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NESHAMINY   CREEK,   PENNSYLVANIA,   BELOW  THE  FORKS. 

This  station,  which  was  established  in  1884,  is  described  in  the 
Twentieth  Annual  Report,  Part  IV,  pages  103  and  10-1.  The  same 
report  contains  also  (pages  104  to  108)  the  figures  for  monthly  flow  for 
the  years  1890  to  1898,  inclusive,  as  well  as  diagrams  of  discharge  for 
the  same  period.  Water-Supply  Paper  No.  35  contains,  on  page  6o, 
a  table  of  daily  discharge  for  1899.  The  results  by  months  and  a  dia- 
gram of  the  daily  discharge  for  that  year  are  given  on  page  86  of  the 
Twenty-first  Annual  Report,  Part  IV.  The  following  tables  give  the 
daily  discharge  of  this  stream  from  1884  to  1900,  inclusiv^e. 

Daily  discharge^  in  second-feet y  of  Neahaminy  Creek,  Pennsylvania,  below  the  forks, 

for  1884. 

[Dralnagie  area,  130.8  square  miles.] 


Day. 

Jane. 

July. 

Augr- 

116 

101 

66 

57 

436 

462 

106 

60 

48 

38 

34 

31 

28 

2'> 

22 

23 

17 

Sept. 

15 

11 

10 

10 

12 

8 

6 

6 

4    « 

Oct. 

5 
5 
6 
6 
8 
8 
6 
5 
5 
5 
6 
6 
4 
4 
3 
3 
3 

Nov. 

13 
14 
12 

-yl 

18 

10 

15 

15 

11 

7 

7 

6 

7 

8 

6 

5 

Dec. 

Day. 

1 

June. 

July. 

14 
18 
16 
13 
15 
16 
14 
15 
17 
17 
14 
22 
20 
36 

Aug. 

Sept. 

1 
0<n.j 

1 

Not 

'Dec 

1 

24 
10 
27 
25 
235 
005 
146 
76 
48 
36 
27 
27 
22 
17 
10 
18 
14 

56 

44 

26 

20 

23 

235 

1,007 

102 

08 

74 

66 

841 

414 

166 

2,354 

830 

173 

18 

10 

20 

21 

22 

23 

24 

26 

26 

27 

28 

20 

30 

31 

13 

0 

10 

8 

7 

5 

5 

6 

2,271 

331 

80 

66 

31 

20 
21 
16 
18 
18 
17 
17 
17 
17 
13 
10 
13 
20 
18 

61 

5 

5 

4 
4 
5 
5 
5 
5 
4 
4 
4 
5 
5 

4         5 

isr 

2 

6  1      5  I      175 

3 

6         9  1      dl) 

4 

5       10  i      %} 

5 

5  '      5        901 

6 

5  1      3        941) 

7 

5  '  441  ,      9Si 

8 

4  1  110  1      MI 

0 

4       47  .      Tin 

10 

11 

12 

18 

14 

12 
12 
14 
17 
15 
12 
10 
12 

4 

4 

7 

U 

12 

5 

20  1     e»<4 

24  1    fm 

180      m 

1^  I  1.063 
,  1.141 

15 

Mean. 

16 

17 

130 

62 

6 

30 

S3t 

Daily  discharge,  in  second-feet,  of  Neshaminy  Creek,  Penmylvania^  below  the  forks, 

for  1885. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I 

666 
216 
•126 
120 
130 

1,886 
823 
342 
262 
204 
151 

1,377 
356 
100 
220 
653 

1,026 

2:« 

268 
240 
1T3 
100 
242 
236 
227 
182 
107 
266 
231 
220 
102 

130 

128 

142 

146 

166 

160 

137 

i:« 

1,714 

4,484 

1,067 

631 

260 

156 

131 

3,454 

2.423 

200 

133 

06 

80 

&5 

82 

76 

81 

87 

64 

2« 

74 

284 

343 

402 

1.063 

048 

456 

208 

137 

80 

84 

78 

66 

114 

136 

160 

160 

84 

86 

60 

60 

62 

48 

46 

42 

78 

138 

126 

111 

161 

208 

334 

222 

137 

1,761 

450 

206 

154 

168 

181 

120 

117 

121 

115 

08 

87 

88 

80 

80 

67 

50 

47 

46 

42 

42 

60 

55 

55 

54 

58 

54 

46 
62 
65 
47 
44 
38 
63 
474 
222 
141 
114 
78 
66 
57 
44 
44 
44 
37 
34 
32 
28 
28 
31 
31 
26 
29 
26 
20 
20 
21 
22 

19 

22 

14 

15 

15 

0 

10 

13 

13 

11 

11 

10 

8 

6 

6 

0 

10 

7 

6 

9 

8 

6 

4 

4 

6 

7 

6 

6 

0 

0 

7 
4 
4 
4 
3 
4 
41 
28 
10 
7 
7 
4 
3 
4 
4 
8 
5 
8 
8 
4 
4 
5 
8 
8 
2 
2 
2 
2 
2 
2 
2 

3 
4 

728 

2,377 

94 

30 

17 

18 

17 

16 

16 

15 

11 

11 

7 

9 

6 

7 

0 

6 

6 

0 

7 

4 

4 

6 

8 

7 

6 

6 

8 

9 
6 
4 
3 
5 
7 
4 
3 
4 
5 
2 
4 
5 
5 
4 
4 
4 
8 
4 
8 
4 
2 
4 
8 
2 
3 
2 
1 
2 
1 

1 
I 
1 
8 
6 
5 
6 
6 
5 
1 
• 

2 

42 

67 

2B 

16 

11 

8 

5 

7 

63 
108 
54 
81 
16 
11 
U 
U 
10 
44 
64 

2»l 

7as 

01 
65 
44 

38 
190 
746 
170 
106 

8S 

n 

TO 
Si 
44 
43 

as 

as 

28 
S7 
23 
385 
070 
648 
8» 
867 
164 
ISB 
134 

UT 

2 

fC 

8 

« 

4 

» 

5 

'% 

6 

h9 

7 

1:2 

8 

13< 

0 

Ii9 

10 

21€ 

11 

IX 

12 

76 

18 

14 

66: 

1  an 

15 

457 

16 

213 

17 

i«; 

18 

\M 

10 

144 

20 

ill 

21 

fC 

22 

IM 

23 

9S 

24 

t: 

26 

M 

26 

1» 

27 

IM 

28 

11« 

20 

30 

iS 

81 

114 

Mean 

382 

680 

208 

171 

66 

0 

6 

112 

4 

21 

185 

9i< 

PENNSYLVANIA. 
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DaUy  discharge  f  in  tmcondrfeet^  of  Neshaminy  Creek,  Pennsylvania^  below  the  forks  j 

for  1886, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aag. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

809 
109 
83 
141 
2,478 
413 
196 
265 
609 
601 
674 
417 
346 
322 
307 
300 
285 
272 
285 
287 
3?2 
660 
580 
375 
330 
321 
300 
1,744 
3,736 
1.260 
615 

468 
416 

380 
425 
360 
300 
260 
200 
176 
160 
5,767 
5.138 
4,196 
830 
608 
528 
217 
178 
204 
199 
2U2 
146 
127 
122 
694 
1.106 
189 
177 

166 

154 

143 

132 

121 

109 

97 

94 

92 

88 

78 

77 

89 

77 

84 

76 

70 

66 

79 

98 

902 

477 

216 

141 

132 

122 

128 

439 

466 

1,389 

1.870 

1.637 

891 

270 

268 

423 

4.734 

1,196 

613 

371 

308 

231 

207 

298 

319 

207 

168 

157 

139 

133 

120 

108 

99 

96 

90 

85 

98 

86 

81 

76 

66 

69 

48 

61 

48 

49 

41 

61 

2,846 

749 

227 

168 

140 

218 

666 

232 

616 

242 

169 

164 

167 

L55 

181 

173 

134 

113 

106 

89 

96 

86 

67 

69 

64 

49 

63 

63 

45 

39 

36 

36 

35 

46 

49 

37 

29 

194 

291 

100 

96 

108 

67 

39 

34 

31 

732 

315 

149 

276 

111 

73 

63 

46 

38 

36 

82 

29 

26 

28 

22 

20 

19 

188 

149 

48 

^ 

27 

44 

294 

297 

100 

136 

90 

58 

75 

02 

48 

31 

60 

596 

114 

73 

42 

41 

36 

33 

32 

24 

20 

18 

26 

33 

46 

31 

24 

18 

19 

16 

13 

12 

16 

11 

15 

11 

9 

6 

6 

6 

7 

8 

6 

6 

4 

9 

9 

8 
8 
6 
7 
4 
5 
6 
5 
6 
4 
4 
4 
3 
4 
6 
10 
7 
7 
4 
4 
6 
5 
4 
4 
3 
6 
3 

t 

2 

4 
3 
3 
4 
3 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
2 
2 
3 
2 
3 
2 
3 
3 
3 
4 
11 
28 
38 
26 
15 

14 

13 

10 

9 

10 

9 

7 

7 

10 

11 

11 

10 

85 

74 

27 

27 

16 

20 

37 

2S 

17 

16 

111 

203 

160 

770 

124 

64 

52 

60 

46 

2 

48 

3 

69 

4 

89 

5 

64 

6 

46 

7 

67 

8 

87 

9 

68 

10 

74 

11 

85 

12 

64 

13 

105 

14 

342 

16 

345 

16 

308 

17 

879 

18 

19 

20 

649 

2,228 

671 

21 

278 

22 

190 

23 

133 

24 

808 

25 

668 

26 

212 

27 

175 

28 

146 

29 

228 

30 

178 

31 

229 

Mean  — 

609 

848 

806 

481 

244 

110 

92 

17 

6 

6 

67 

272 

Daily  discharge,  in  second-feet,  of  Neshaminy  Creek,  Pennsyh^nia,  below  the.  forks, 

for  1887, 


Day. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1.3 
14 
15 
16 
17 
18 
19 
80 
21 
22 
23. 
24 
25. 
26 
27. 
28. 
28. 
30. 
31. 


Mean 


1 
Jan. 

Feb. 

Mar. 

323 

239 

296 

580 

166 

882 

434 

820 

335 

344 

208 

195 

254 

804 

162 

221 

165 

186 

193 

612 

324 

181 

742 

719 

138 

686 

645 

181 

837 

828 

181 

767 

406 

160 

662 

221 

153 

189 

213 

740 

223 

196 

940 

697 

160 

480 

604 

164 

830 

370 

139 

800 

1.344 

129 

210 

1,708 

180 

160 

430 

110 

130 

821 

109 

220 

406 

413 

590 

376 

661 

8,891 

630 

437 

688 

314 

691 

490 

204 

432 

632 

1,210 

255 

400 

454 

2,186 

1,661 

621 

900 

246 

408 

235 

490 

607 

380 

Apr. 


804 
208 
228 
222 
177 
147 
124 
181 
111 
107 
107 
92 
81 
77 
78 
80 
69 
210 
369 
118 
134 
108 
294 
663 
208 
276 
206 
163 
191 
154 


176 


May. 


116 
105 
96 
87 
83 
76 
160 
310 
244 
148 
118 
91 
77 
69 
56 
66 
56 
48 
47 
38 
34 
33 
32 
41 
53 
86 
44 
39 
26 
33 
32 

82 


Jane. 

Jnly. 

Ang. 

Sept. 

Oct. 
47 

Nov. 

208 

42 

144 

21 

87 

137 

41 

149 

24 

33 

34 

104 

34 

218 

22 

38 

28 

101 

30 

139 

17 

31 

27 

63 

132 

88 

23 

23 

22 

39 

1,670 

ra 

19 

22 

25 

107 

223 

ra 

20 

18 

19 

168 

135 

65 

18 

18 

23 

84 

160 

60 

23 

20 

18 

54 

942 

44 

18 

21 

24 

44 

146 

108 

14 

21 

62 

35 

89 

236 

402 

19 

47 

31 

66 

67 

229 

14 

28 

26 

68 

44 

83 

19 

21 

23 

47 

41 

64 

17 

33 

28 

40 

41 

43 

14 

28 

24 

66 

36 

28 

13 

29 

36 

68 

92 

26 

18 

23 

60 

39 

71 

27 

13 

20 

34 

40 

40 

23 

18 

31 

29 

36 

30 

26 

398 

61 

411 

38 

37 

24 

139 

44 

3,169 

462 

64 

22 

63 

37 

412 

1,047 

379 

20 

43 

31 

179 

484 

288 

21 

36 

29 

119 

177 

84 

20 

34 

27 

102 

282 

45 

20 

34 

26 

81 

134 

48 

26 

29 

89 

62 

147 

39 

41 

31 

61 

61 

181 

32 

74 

27 

38 

141 

31 

%  M  BS^W  • 

32 

199 

226 

93 

51 

42 

82 

Dec. 


40 

39 

80 

89 

83 

65 

48 

40 

89 

176 

1,648 

400 

199 

153 

610 

607 

810 

277 

308 

849 

411 

447 

889 

848 

169 

175 

145 

1.597 

913 

364 

435 

334 


92  OPERATIONS   AT   RITEB   STATION'S,      1900. 

Daily  diaoharge,  in  »eeimdrfeet,  of  Netihaminy  Creek,  Fi^n-wi^jflvania,  M'" 

forlSSS. 


Iktjo*- 


Dm,. 

Jim. 

Feb. 

K.,. 

Apr. 

lUy. 

June. 

Joly. 

A-ns. 

SepI 

Oct 

.„, 

Bit 

1 
1 
1 

47T 
»« 

1 
1 

288 

1 

l.KB 

1 
1 
i! 

si 

679 

•1 

888 

as 

i 

1 

'1 

3S7 

1 

1 
'f 

1 

lao 

a 

88 
SO 
SO 

88 

i 

i 
1 
1 
1 

1 

i 

a 

■B 

1 
1 

i 

20 

S 

ii 

24 

1 

il 
s 

1 

lO 

{ 

8 
11 
» 

i 

i» 

i! 

O 

? 

7 

M 

1 
fS 
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DaUy  discharge,  in  second-feet,  of  Neshaminy  Creek,  Pennsylvania,  below  the  forks, 

for  1890. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

107 

110 

106 

101 

106 

130 

126 

113 

97 

90 

92 

80 

64 

64 

1,581 

600 

261 

167 

150 

281 

286 

144 

170 

158 

155 

110 

119 

119 

101 

162 

182 

135 
114 
157 
163 
192 
147 
HI 

2,846 
974 
293 
250 
228 
212 
526 
601 
237 
192 
189 
339 

1,101 
331 
197 
266 
213 
266 
278 
210 
367 

728 
347 
3U6 
197 
178 
282 
228 
141 
132 
149 
581 
560 
282 
1,203 
1,300 
544 
323 
290 
261 
315 
1.938 
2,990 
1,512 
500 
404 
iTd 
320 
1,419 
635 
367 
313 

620 

346 

861 

260 

610 

626 

272 

228 

270 

666 

638 

280 

219 

180 

150 

149 

138 

119 

106 

96 

88 

86 

85 

71 

74 

97 

101 

96 

104 

87 

61 

222 

115 

87 

68 

64 

114 

138 

191 

132 

175 

96 

76 

76 

78 

70 

142 

223 

87 

62 

49 

165 

264 

.  94 

63 

62 

47 

192 

1,986 

309 

168 

126 

102 

181 

95 
60 
68 
53 
46 
66 
66 
13 
35 
36 
112 
1,160 
667 
272 
279 
226 
75 
70 
60 
51 
66 
76 
56 
41 
48 
43 
39 
29 
27 
27 

30 
33 
136 
566 
107 
56 
44 
42 
29 
27 
19 
17 
15 
17 
30 
22 
19 
60 
33 
19 
19 
21 
20 
17 
21 
415 
180 
58 
118 
64 
84 

38 
41 
27 
20 
31 
21 
27 
19 
28 
17 
16 
16 
13 
10 
10 
14 
27 
27 
27 
26 
222 
670 
118 
50 
36 
87 
163 
46 
66 
54 
68 

46 
31 
27 
25 
26 
86 
20 
16 
21 
18 
19 
26 
29 
29 
66 
180 
147 
61 
50 
86 
31 
28 
20 
20 
18 
27 
40 
33 
23 
28 

28 

32 

391 

186 

68 

67 

136 

129 

138 

78 

83 

75 

64 

77 

74 

64 

664 

188 

130 

136 

136 

146 

685 

2,400 

783 

341 

240 

196 

208 

204 

167 

145 

136 

130 

123 

102 

90 

90 

89 

86 

79 

116 

140 

114 

95 

85 

75 

116 

281 

120 

64 

86 

81 

78 

68 

72 

68 

66 

62 

70 

52 

62 

2 

78 

3 

01 

4 

187 

5 

144 

6 

102 

7 

116 

8 

192 

9 

190 

10 

108 

11 

81 

liB 

65 

13 

165 

14 

106 

15 

74 

16 

68 

17 

18 

276 
648 

19 

193 

20 

866 

21 

182 

22 

106 

23 

115 

24 

106 

26 

120 

26 

165 

27 

801 

23 

160 

29 

1T3 

30 

167 

31 

130 

Mean 

201 

387 

133 

73 

68 

39 

262 

98 

165 

Daily  discharge,  in  second-feet,  of  Neshaminy  Creek,  Pennsylvania,  below  the  forks, 

for  1891. 


Dskj. 


1 

«* 

«• 

a 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
») 
21 
22 
23 
fU 
25 
26 
27 
28 
20 
80 
81 


Mean 


Jan. 

Feb. 

Mar. 

Apr. 

May. 
61 

Jnne. 
34 

Jnly. 

Ang. 

Sept. 

Oct. 

126 

1,585 

370 

379 

16 

77 

164 

27 

1,963 

773 

242 

252 

41 

35 

17 

80 

128 

22 

844 

739 

212 

981 

67 

27 

20 

88 

101 

17 

275 

588 

288 

362 

83 

26 

24 

53 

85 

17 

371 

263 

269 

247 

57 

30 

20 

39 

666 

18 

605 

200 

196 

206 

56 

27 

15 

36 

1,938 

28 

527 

334 

202 

184 

57 

28 

16 

30 

341 

26 

376 

623 

266 

155 

41 

38 

22 

21 

208 

26 

306 

786 

994 

152 

36 

37 

26 

18 

154 

26 

253 

981 

1,281 

187 

40 

28 

22 

33 

129 

26 

1,377 

423 

443 

226 

34 

28 

20 

33 

106 

21 

1,594 

306 

689 

402 

38 

22 

& 

20 

98 

19 

354 

261 

1,662 

226 

38 

30 

17 

20 

84 

23 

185 

225 

588 

164 

31 

18 

19 

17 

n 

17 

147 

198 

275 

140 

30 

23 

21 

40 

63 

12 

140 

1,410 

308 

131 

51 

22 

19 

56 

54 

19 

283 

1456 

242 

136 

47 

25 

17 

38 

51 

19 

805 

640 

213 

134 

28 

126 

16 

38 

45 

19 

279 

a50 

201 

114 

31 

58 

127 

299 

39 

17 

223 

360 

266 

104 

33 

41 

91 

86 

34 

328 

191 

906 

3,446 

93 

26 

36 

40 

47 

31 

194 

3,257 

1,136 

789 

98 

81 

42 

29 

27 

27 

165 

768 

415 

1.063 

93 

86 

38 

26 

43 

27 

840 

356 

382 

512 

86 

31 

29 

26 

3,276 

27 

121 

980 

334 

358 

77 

26 

73 

24 

1,264 

27 

63 

642 

568 

288 

55 

26 

20 

19 

278 

31 

46 

506 

563 

248 

55 

80 

19 

14 

182 

27 

101 

430 

368 

239 

66 

30 

15 

19 

835 

22 

109 

1,064 

222 

62 

37 

16 

150 

208 

27 

68 

1,679 

196 

67 

34 

16 

214 

267 

31 

52 

935 

HOO 

182 
525 

31 

122 
40 

248 
236 

157 

52 
66 

703 

1 

182 

31 

Nov. 


41 
37 
39 
29 
35 
43 
37 
38 
38 
35 
54 
75 
75 
57 
39 
39 
48 
98 
87 
60 
48 
42 
91 
261 
123 
94 
100 
238 
106 
81 


Dec. 


91 

74 

50 

347 

QQi. 
vvi. 

198 

020 

448 

206 

167 

142 

167 

90 

09 

100 

105 

97 

94 

98 

61 

57 

76 

1,486 

1.680 

1,040 

5,218 

660 

261 

299 

1,070 

674 

866 


94 


OPERATIONS    AT   BIVEB   STATIONS,    1900. PART   I.       lso.*T. 


Daily  discharge,  in  second-feet,  of  Neshaminy  Creek,  Pennsylvania,  below  theforh, 

for  189 fS. 


Day. 

Jan. 

Feb. 

191 

179 

174 

160 

140 

144 

135 

120 

131 

122 

120 

115 

125 

121 

98 

81 

81 

81 

77 

82 

98 

115 

124 

108 

106 

150 

184 

125 

117 

Mar. 

Apr. 

May. 

June. 

July. 

AofiT. 

Sept. 

Oct. 

Not.' 

Dec. 

1 

999 
1,870 
743 
298 
242 
194 
200 
192 
180 
178 
144 
146 
3,584 
2,364 
767 
408 
368 
444 
2,172 
731 
382 
322 
280 
250 
257 
280 
332 
831 
286 
273 
238 

2,582 
554 

320 
260 
200 
221 
207 

1,360 
042 
380 
300 
267 
214 
155 
150 
140 
130 
125 
136 
144 
135 
114 
117 
386 
502 
400 
000 

1.026 
440 
261 
2U0 

170 

107 

170 

174 

154 

144 

133 

121 

110 

110 

00 

06 

92 

102 

186 

198 

108 

07 

00 

87 

98 

152 

185 

161 

100 

04 

90 

88 

88 

88 

126 

• 

70 

107 

138 

114 

86 

78 

73 

56 

50 

55 

65 

50 

60 

50 

437 

215 

127 

84 

144 

450 

341 

410 

402 

207 

m 

165 
756 
376 
187 
154 
142 

194 

118 

102 

108 

00 

92 

HI 

107 

79 

98 

140 

130 

80 

58 

58 

48 

39 

34 

36 

86 

81 

32 

32 

29 

26 

72 

54 

75 

60 
37 

30 
82 
207 
510 
144 
73 
58 
42 
34 
81 
81 
31 
31 
31 
48 
31 
31 
22 
31 
24 
16 
14 
14 
15 
16 
16 
15 
15 
10 
101 
101 

60 
51 
51 
35 
20 
23 
20 
18 
17 
17 
21 
60 
62 
25 
17 
10 
15 
18 
17 
15 
13 
10 
11 
12 
16 
21 
22 
10 
10 
16 
13 

15 

14 

12 

11 

10 

13 

13 

8 

6 

6 

7 

7 

8 

06 

17 

15 

15 

11 

10 

10 

10 

10 

0 

9 

13 

19 

10 

7 

4 

3 

5 
6 
5 

4 
4 
4 
4 

1 

5 

4 
5 
5 
6 

% 

5 
8 
8 
5 
4 
4 
5 
5 
6 
7 
5 
5 
5 
4 
5 

1 

«i 

6 

6< 

61 
8 

3S' 
90 
IS 
10 
19 
734 
2,316' 
234, 
605' 
643, 
184. 
114  1 
86> 
89 
56; 
45 
39< 
54 
241 
6U  , 
213' 

Ut 

2 

106 

3 

4 

5 

lie 

6 

f» 

7 

9 

8 

K« 

9 

KH 

10 

n 

11 

« 

12 

51 

13 

fl> 

14 

417 

15 

59 

16 

95 

17 

16 

18 

lis 

19 

85 

20 

m 

21 

29) 

22 

9: 

23 

ifi 

24 

214 

26 

IS 

26 

211 

27 

m 

28 

29 

1U8 

30 

115 

31 

IS 

Mean 

627 

125' 

431 

71 

66 

24 

13 

5 

8S0 

15 

Daily  discharge,  in  second-feet,  of  Neshaminy  Creek,  Pennsylvania,  below  the  forks. 

for  1893. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

1 

1,357 
1,678 
227 
150 
125 
125 
100 
90 
130 
135 
120 
150 
140 
140 
130 
135 
140 
176 
168 
175 
165 
154 
154 
154 
149 
154 
147 
136 
164 
215 
321 

385 
568 
741 
602 
540 
484 

1.600 
714 
307 

2,?^7 
869 
398 
861 

1,299 

1,136 
858 
496 
625 
371 
395 
484 
404 
385 
300 
258 
170 
194 
242 

463 
500 
481 
281 
710 
199 
109 

2,337 
2,394 
943 
2,436 
920 
688 
895 
a58 
302 
273 
251 
236 
244 
244 
232 
272 
285 
232 
184 
166 
139 
133 
133 

133 
116 
102 
100 
06 
85 
98 
163 
140 
177 
380 
198 
153 
544 
2,448 
467 
290 
220 
198 
742 
1,012 
831 
298 
235 
213 
221 
418 
362 
282 
205 

362 

318 

646 

3,154 

571 

894 

420 

512 

652 

404 

188 

176 

150 

140 

144 

273 

617 

223 

161 

135 

117 

108 

105 

105 

80 

72 

72 

?2 

77 

77 

63 

67 
67 
57 
46 
54 
73 

154 
75 
51 
45 
30 
36 
30 
41 
30 
86 
36 
35 
33 
27 
24 
20 

284 
00 
42 
30 
45 
35 
36 
20 

28 
28 
26 
21 
18 
18 
17 
20 
21 
20 
28 
22 
10 
17 
15 
15 
18 
10 
15 
16 
14 
12 
0 
0 
11 
11 
10 
8 
14 
0 
8 

•     14 

11 

10 

7 

7 

7 

0 

11 

0 

7 

7 

6 

6 

6 

6 

8 

0 

12 

11 

174 

264 

63 

20 

1,602 

107 

80 

43 

31 

1,078 

214 

00 

50 
54 
48 
30 
35 
28 
20 
34 
31 
27 
27 
31 
31 
31 
63 
740 
258 
107 
76 
66 
48 
41 
36 
32 
20 
30 
33 
20 
38 
80 

26 
21 
23 
24 
21 
20 
S2 
21 
30 
27 
24 
24 
23 
70 
77 
84 
28 
25 
21 
20 
21 
18 
lOQ 
288 
110 
04 
40 
481 
206 
104 
88 

61 

2 

3 

4 

50       15( 

60     a: 

1.281     1.0 

6 

1.799       311 

6 

3B       S4 

7 

221  1     91 

8 

188'     S3 

0 

241  1     I* 

10 

170  ,     3K 

11 

139'     » 

12   

124  1     14 

18 

U5  ,     144 

14 

115  '     35^ 

16 

308  1     96 

16 

au ,  \.^ 

17 

18 

19 

120       3» 
100       3S 

20 

94        \^ 

21 

101       P* 

22 

aaoi    1^ 

23 

213       l*i 

24 

135  '     IM 

26 

00 

«1 

112 
1.600 

l£ 

26 

UU 

27 

13) 

28 

l« 

29 

906       V» 

30 

210 

13 

81 

]» 

Mean 

242 

661 

565 

363 

368 

56 

16 

132 

72 

70 

8S 

3It 

PENNSYLVANIA. 


95 


Daily  discharge^  in  secondrfeet,  of  Neshaminy  Creek  j  Pennaylvaniay  belatv  the  forks, 

for  189 J^. 


Day. 

Jan. 

107 

100 

100 

89 

98 

\m 

136 

116 

105 

97 

88 
88 
88 
76 
73 
88 
92 
82 
78 
81 
79 
83 
88 
88 
96 
80 
75 
88 
67 
108 
188 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Doc. 

1 

115 

110 

90 

58 

60 

58 

57 

60 

1,063 

757 

517 

267 

164 

164 

130 

250 

114 

1,630 

1.990 

1.185 

608 

399 

366 

287 

204 

105 

147 

200 

198 
227 
882 
936 
776 
777 
608 
416 
313 
291 
277 
243 
380 
355 
171 
178 
171 
144 
144 
141 
136 
179 
571 
279 
194 
182 
159 
131 
149 
164 
152 

128 
110 
97 
111 
180 
142 
112 
115 
114 
113 
146 
363 
1,521 
833 
490 
303 
239 
198 
174 
166 
188 
418 
291 
186 
150 
141 
122 
114 
109 
105 

07 
86 
98 
05 
80 
68. 
76 
80 
68 
57 
43 
39 
39 
42 
45 
39 
36 
36 
36 
685 
9,012 
4,036 

82;; 

3,779 

1,523 

532 

277 

2,893 

2,096 

553 

443 

868 

285 

247 

233 

231 

280 

315 

235 

194 

161 

144 

130 

127 

127 

116 

97 

92 

94 

87 

77 

72 

60 

60 

51 

51 

82 

80 

60 

45 

65 

68 
43 
87 
84 
96 
165 
177 
75 
51 
40 
34 
36 
34 
29 
26 
101 
212 
60 
31 
31 
31 
23 
21 
26 
20 
27 
22 
22 
10 
10 
44 

32 
10 
400 
145 
48 
31 
66 
61 
28 
14 
16 
15 
67 
82 
24 
23 
20 
15 
11 
16 
22 
22 
11 
15 
13 
14 
14 
10 
8 
7 
7 

7 

8 

8 

6 

6 

6 

5 

857 

1,247 

102 

106 

78 

96 

28 

28 

23 

10 

1,001 

3,107 

707 

245 

148 

111 

01 

81 

81 

62 

46 

48 

40 

40 

47 

41 

45 

71 

65 

43 

84 

41 

1,715 

380 

173 

164 

250 

172 

110 

106 

00 

78 

72 

63 

50 

60 

60 

200 

233 

125 

03 

82 

79 

790 

428 
196 
1,371 
640 
860 
866 
245 
342 
464 
313 
268 
198 
179 
175 
165 
149 
170 
227 
176 
145 
150 
170 
154 
168 
143 
125 
120 
112 
108 
96 

115 

2 

268 

3 

815 

4 

161 

6 

6 

133 
124 

7 

110 

8... 

9 

10 

220 
616 
257 

11 

620 

12 . 

13 

1,824 
853 

14 

241 

16 

300 

16 

267 

17 

228 

18 

194 

19 

172 

20 

21 

150 
147 

22 

23 

149 
145 

24 

125 

25 

135 

28 

136 

27 

136 

28 

135 

29 

130 

30 

190 

31 

111 

Mean  ... 

95 

37 

323 

250 

896 

143 

52 

41 

284 

180 

296 

279 

Daily  discharge^  in  second-feet  ^  of  Neshaminy  Creek,  Pennsylvania,  below  the  forks, 

for  1896. 


Day. 

Jan. 

155 
98 
117 
98 
98 
156 
357 
801 
818 
579 
2.289 
830 
550 
349 
295 
295 
295 
150 
150 
164 
188 
191' 
166 
150 
120 
2.063 
479 
203 
178 
178 
178 

412 

Feb. 

Mar. 

1,217 

1,019 
584 
533 
475 
265 
321 

1.631 
604 
604 
605 
273 
723 

1,632 
306 
292 
240 
376 
625 
526 
287 
363 
253 
292 
445 
450 
247 
213 
190 
160 
149 

Apr. 

May. 

192 
145 
118 
08 
87 
88 
88 
82 
74 
72 
63 
56 
65 
76 
78 
71 
59 
53 
47 
41 
65 
88 
71 
48 
41 
30 
165 
225 
105 
63 
48 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

27 

31 

30 

15 

17 

16 

17 

12 

11 

9 

8 

7 

9 

8 

8 

9 

t 

7 

13 

9 

10 

0 

7 

8 

< 

11 

34 

28 

18 

15 

J-M5C* 

1 

166 
98 
106 
147 
201 
189 
176 
176 
176 
188 
188 
176 
176 
188 
178 
177 
175^ 
182 
201 
242 

32:} 

385 

;«5 

258 
242 
287 
368 
903 

160 
249 
36r 
281 
163 
142 
124 
2,542 
3.234 
584 
350 
280 
661 
755 
338 
253 
204 
182 
168 
152 
136 
130 
130 
118 
107 
101 
127 
261 
150 
187 

46 

42 

82- 

05 

95 
157 
126 

56 

41 

38 

41 

48 
134 
145 

62 

44 

36 

34 

31 

28 

25 

26 

31 

20 

25 

49 

80 
202 
106 

78 

528 
148 
74 
50 
664 
616 
202 
115 
02 
73 
40 
44 
48 
40 
35 
39 
48 
48 
39 
26 
19 
32 
39 
39 
36 
28 
24 
21 
18 
25 
31 

27 

20 
18 
1,225 
526 
94 
54 
43 
34 
29 
20 
71 
70 
40 
29 
22 
22 
17 
13 
10 
20 
14 

i;j 

10 
9 
9 
13 
13 
11 
10 
10 

81 

8 
8 

iS 

11 

8 
7 

i 

6 
6 
6 
6 
6 
6 
5 
6 
7 
8 

t 

6 
5 
5 
5 
5 
5 
4 
6 
6 

6 
6 

5 
5 
5 
6 
7 

m 

-  •  1 

8 

16 

29 

34 

27 

22 

19 

15 

13 

8 

7 

6 

5 

5 

5 

5 

5 

6 

6 

9 

15 

2 

27 

3 

14 - 

76 
60 

5 

45 

6 

7 

51 
40 

8 

26 

9 

60 

10 

11 

66 
27 

12 

13 

14 

16 

16 
8 
6 
6 

16 

17 

18 - 

19 

30 

6 

6 

7 

10 

10 

21 

23 

9 

89 

23 

04 

81 
43 

25 

27 

26 

23 

27 

32 

28 

20 

37 
32 

30 

24 

81 

578 

Mean 

237 

515 

417 

84 

68 

106 

7 

10 

14 

49 

96 


OPERATIONS   AT   BIVER   STATIONS,   1900. 1?A»T    1.        Iko.C. 


Daily  discharge^  in  aecondrfeet,  of  Neshaminy  Creek,  PennayVvamM^  belou)  tAe/orfa, 

far  1896. 


D»y. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20  

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

31 

Mean 


Jan. 


186 
88 
60 
92 
56 
82 
48 
86 
28 
10 
19 
15 
14 
14 
16 
15 
15 
19 
19 
23 
81 
27 
82 
666 
377 
142 
90 
68 
59 
4:) 
36 


n 


Feb. 


89 
46 

61 

61 

68 

8,707 

2,585 

600 

685 

624 

888 

228 

187 

282 

879 

274 

121 

119 

110 

109 

88 

90 

85 

75 

84 

85 

66 

70 

1,642 


611 


Mar. 


960 
468 

99 

67 

67 

101 

127 

111 

88 

86 

82 

102 

91 

79 

92 

81 

77 

118 

5,408 

1,994 

715 

414 

809 

260 

211 

849 

408 

267 

2,061 

760 

889 


528 


Apr. 


260 

217 

172 

164 

164 

164 

186 

120 

129 

125 

125 

120 

110 

98 

82 

96 

02 

81 

186 

147 

97 

88 

97 

97 

88 

85 

81 

81 


138 


May. 


81 
66 
61 
68 
SO 
89 
44 
41 
.80 
28 
25 
88 
42 
84 
81 
81 
81 
81 
81 
31 
81 
81 
81 
81 
81 
81 
81 
110 
185 
61 
86 


46 


Jane. 


24 
22 
22 
22 
17 
17 
20 
17 
18 
66 
46 
81 
24 
196 


78 
62 
188 
72 
86 
29 
26 
20 
81 
86 
64 
60 
82 
48 
48 


60 


Daily  discharge,  in  necondrfeet,  of  Neshaminy  Cfreek, 

for  1897. 


wotnta,  bdow  the  forks. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


88 

88 

121 

200 

351 

288 

125 

125 

107 

80 

72 

72 

57 

41 

48 

48 

41 

41 

41 

93 


Feb. 


21 !  1,856 


Mean 


360 
139 
97 
Tli 
48 
48 
36 
31 
31 
36 

156 


41 

41 

41 

41 

41 

1,094 

2,973 

840 

384 

166 

135 

115 

110 

94 

72 

63 

54 

48 

41 

48 

131 

529 

1.826 

301 

105 

80 

63 

68 


Mar. 


839 


88 
115 
169 
200 
190 
360 
208 
144 
144 
160 
160 
220 
220 
171 
215 
140 
129 
185 
179 
700 
•828 
209 
170 
460 
327 
189 
154 
139 
129 
125 
115 

210 


Apr. 

May. 

Jnne. 

98 

76 

446 

77 

1,610 

116 

n 

480 

84 

65 

280 

124 

131 

170 

273 

166 

185 

180 

125 

111 

84 

99 

92 

108 

1,760 

80 

4,677 

006 

75 

774 

272 

or 

224 

205 

96 

216 

166 

2,215 

228 

144 

755 

202 

208 

800 

160 

218 

285 

144 

164 

190 

137 

146 

150 

101 

125 

140 

124 

107 

126 

117 

88 

164 

112 

88 

166 

97 

88 

U7 

76 

88 

127 

T6 

80 

711 

85 

84 

185 

74 

84 

110 

53 

72 

84 

59 

66 

74 

66 

66 

77 
628 

48 

191 

831 

807 

July. 
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Daily  discharge,  in  second-feet,  of  Neshaminy  Creek,  Pennsylvania,  below  the  forks, 

for  1898. 


Day. 

Jan. 

Feb. 

Har. 

Apr. 

May. 

June. 

July. 

Aug. 

dept. 

Oct. 

Nov. 

Dec. 

1 

377 
340 
340 
233 
135 
125 
105 
101 
02 
88 
07 
188 
267 
215 
688 
663 
264 
160 
130 
403 
654 
898 
2,065 
476 
313 
554 
462 
267 
215 
176 
164 

374 

164 
164 
164 
164 
164 
164 
164 
164 
180 
213 
204 
566 
530 
258 
228 
313 
105 
130 
387 
5.076 
1,205 
001 
445 
330 
273 
221 
2U0 
182 

164 

100 

160 

164 

154 

144 

144 

130 

131 

127 

122 

115 

109 

106 

97 

88 

88 

90 

87 

77 

108 

196 

349 

273 

164 

166 

175 

246 

391 

1,282 

420 

249 
150 
176 
159 
164 
164 
164 
100 
131 
122 
120 
138 
123 
115 
105 
136 
125 
105 
105 
105 
03 
81 
77 
204 
400 
254 
180 
645 
782 
574 

198 
162 
147 

188 
129 
140 
862 
8,158 
846 
878 
808 
849 
488 
254 
1.473 
1,060 
083 
386 
820 
840 
480 
258 
213 
258 
280 
260 
242 
200 
170 
157 
188 

115 
105 
105 
07 
117 
110 
60 
62 
62 
55 
45 
48 
48 
51 
45 
45 
48 
42 
31 
34 
48 
31 
28 
84 
84 
86 
31 
84 
34 
20 

29 
20 
21 
15 
15 
23 
26 
22 
22 
26 
15 
16 
17 
17 
16 
22 
10 
14 
17 
14 
58 
66 
86 
22 
18 
20 
22 
23 
10 
17 
14 

32 

251 

65 

41 

105 

110 

36 

22 

22 

32 

307 

00 

57 

36 

82 

27 

22 

228 

1,615 

278 

113 

65 

45 

36 

31 

31 

31 

27 

22 

26 

20 

24 
17 
14 

14 

14 

16 

20 

17 

12 

13 

11 

0 

8 

10 

14 

11 

7 

6 

6 

7 

1? 

13 
12 
14 
14 
11 
13 
....... 

12 

8 

6 

7 

7 

7 

6 

8 

7 

7 

0 

10 

14 

18 

10 

7 

8 

8 

14 

18 

24 

40 

49 

2J 

24 

50 

176 

87 

40 

28 

81 

65 

80 

81 

24 

10 

17 

25 

27 

24 

083 

852 

280 

165 

125 

125 

85 

161 

sra 

3,520 
552 
268 
202 
828 
484 
855 
290 
242 
445 
322 
464 

496 

2 

3 

800 
288 

4 

1,777 

5 

6 

3,060 
511 

7 

804 

8 

218 

9 

10 

147 
144 

11 

185 

12 

126 

13 

115 

14 

105 

15 

105 

16 

105 

17 

1(» 

18 

08 

19 

85 

20 

1.006 

21 

208 

480 

23 

1,670 

24 

408 

26 

208 

26 

140 

27 

120 

28 

115 

29 

30 

110 
00 

31 

161 

Mean 

460 

199 

211 

460 

55 

23 

128 

1 

i*> 

'  "" 

376 

1 

418 

Daily  discharge,  in  second-feet,  of  Neshaminy  Creek,  Pennsylvania,  below  the  forks, 

for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

81 
31 
27 
10 
17 
17 
13 
13 
15 
10 
10 
17 
17 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
13 
11 
13 
13 
13 
14 
15 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

* 

1 

527 

458 

07 

71 

406 

2,105 

1,208 

306 

277 

218 

213 

213 

218 

228 

208 

180 

457 

252 

145 

115 

106 

105 

100 

1,117 

1,027 

3:« 

242 
213 
213 
213 
213 

213 

213 

213 

213 

173 

110 

07 

07 

105 

07 

80 

72 

72 

72 

?2 

80 

319 

553 

574 

074 

1,373 

1,873 

1,402 

840 

446 

800 

3,050 

815 

611 
560 
540 
686 

3,687 
013 
603 
377 
888 
343 
510 
050 

1,318 
407 

1,1?2 
813 
242 
T^ 

2,400 
742 
382 

1,765 
076 
405 
414 
490 
417 

1,308 

2,417 
588 
443 

849 
280 
243 
221 
201 
176 
255 
1,047 
362 
245 
204 
186 
176 
166 
159 
193 
801 
177 
149 
130 
120 
115 
105 
105 
106 
106 
101 
02 
88 
73 
....... 

67 
73 
67 
61 
58 
60 
47 
45 
46 
38 
64 
80 
73 
58 
48 
48 
43 
54 
68 
57 
36 
86 
45 
51 
48 
36 
31 
31 
27 
22 
27 

15 

13 

0 

10 

14 

13 

10 

13 

14 

14 

18 

10 

10 

10 

8 

8 

0 

0 

8 

6 

6 

6 

6 

6 

6 

11 

23 

27 

22 

325 

68 

23 

27 

248 
1.262 

104 
43 
23 
15 
15 
14 

488 
2,577 

151 
71 
48 
36 
27 
22 
10 
10 
17 
14 
10 
10 
10 
10 
13 
11 
13 
13 
14 
15 

15 
15 
28 
41 
32 
10 
15 
15 
18 
48 
38 
80 
68 
23 
15 
15 
15 
13 
41 
430 
166 
138 
65 
41 
41 
578 
204 
80 
03 
48 

36 
81 
81 
27 
22 
38 
50 
58 
86 
27 
22 
10 
10 
22 
10 
10 
22 
123 
118 
57 
41 
32 
27 
27 
22 
22 
22 
17 
24 
17 
24 

144 
154 
162 
1,267 
262 
145 
107 

•81 
81 
81 
85 
85 

n 

72 
68 
68 
68 
56 
51 
48 
41 
77 
147 
90 
74 
72 
63 
68 
63 

54 

2 

51 

8 

48 

4 

6 

51 
54 

6 

48 

7 

41 

8 

41 

0 

86 

10 

86 

11 

86 

12 

86 

13 

65 

u 

80 

16 

OO 

16 

45 

17 

86 

18 

19 

81 

36 

20 

57 

21 

72 

22 

57 

28 

41 

24 

702 

26 

401 

2a 

125 

87 

89 

28 

72 

29 

72 

30 

68 

31 

48 

Mean 

411 

651 

895 

208 

40 

16 

174 

80 

34 

130 

89 

IRR  47—01 
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OPERATIONS    AT   RIVER   STATIONS,    1900. PART   I-         [ko.4: 


Daily  discharge j  in  second-feet,  of  Nesluiminy  Creek,  Pennsylvania,  below  the  forks, 

for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

Jnly. 

Angr. 

Sept. 

Oct, 

1 

'  Not. 

Dec. 

1 

60 

63 

48 

57 

80 

88 

88 

88 

88 

88 

97 

219 

2,096 

310 

374 

261 

250 

213 

250 

295 

2,588 

841 

288 

183 

160 

153 

219 

237 

147 

105 

119 

173 

194 

182 

188 

2.302 

533 

521 

1,330 

1,244 

339 

322 

379 

2,235 

566 

358 

310 

191 

142 

142 

173 

130 

3,163 

1.866 

U80 

463 

338 

855 

375 

2,676 
1,434 
72& 
481 
209 
206 

228 
213 
201 
176 
154 

ia5 

115 
105 
105 
147 
176 
154 
1,972 
457 
214 
175 
139 
173 
115 
101 
189 
146 
116 
105 

106 
106 
110 

no 

105 

106 

102 

97 

96 

84 

76 

84 

87 

84 

78 

76 

82 

101 

470 

860 

583 

230 

147 

116 

115 

99 

86 

68 

64 

64 

64 
52 
40 
44 
40 
33 
86 
40 
41 
44 
45 
43 
41 
85 
81 
30 
26 
107 
3,990 

277 

184 

189 

216 

187 

156 

U5 

82 

61 

54 

53 

47 
41 
41 
41 
87 
81 
26 
27 
39 
45 
41 
48 
88 
31 
33 
38 
36 
36 
81 
81 
81 
24 
28 
24 
22 
19 
1,221 
860 
104 
48 

81 
27 
22 
22 
52 
50 
42 
51 
54 
43 
27 
27 
81 
29 
24 
22 
20 
18 
18 
14 
10 
10 
21 
27 
87 

250 
94 
43 
28 

282 
78 

86 
81 
27 
82 
19 
15 
15 
15 
15 
15 
14 
14 
78 
23 
16 
15 
15 
15 
13 

lu 

9 
14 
10 
13 
15 

ii, 

13 
85 
88 
22 

17 

11 

10 

10 

10 

9 

8 

8 

8 

8 

8 

6 

5 

5 

7 

58 

27 

16 

10 

10 

10 

8 

6 

8 

10 

8 

6 

6 

6 

11 

15 

1   11 

8 

14 

10 

10 

9 

8 

u 

15 
18 
10 
10 
118 
52 
81 
27 
19 
15 
15 
15 
15 
15 
14 
18 
11 
10 
10 
13 
13 
10 

U 

11 

13 

15 

15 

15  i 

15 

13 

10 

13' 

U  1 

8 
9 
9 
6 

i 

9 

9 

8 

9 

9 

9 

840 

2S8 

71 

48 

41 

30 

2 

31 

3 

31 

4 

711 

5 

63a 

6 

133 

7 

13 

8 

I(B 

9 

51 

10 

54 

11 

51 

12 

18 

51 

4$ 

14 

41 

16 

41 

16 

41 

17 

38 

18 

96 

19 

23 

20 

2S 

21 

25 

22 

SS 

28 

2S 

24 

2* 

SS5 

19 

26 

U 

27 

19 

28 

e 

29 

22 

30 

2; 

31 

2K* 

Mean 

327 

606 

378 

153 

279 

102 

47 

23 

11 

18 

50 

91 

PERKIOMEN  CREEK  AT  FREDERICK,  PENNSYLVANIA. 

Measurements  of  this  creek  were  begun  on  August  20,  1884.  The 
station  is  described  in  the  Twentieth  Annual  Report,  Part  IV,  pages 
89  and  90,  followed  by  tables  of  monthly  flow  for  the  years  1890  to  1899, 
inclusive.  Water-Supply  Paper  No.  35  contains  tables  of  the  daily 
discharge  for  the  entire  period  from  1884  to  1899,  inclusive.  Dia- 
grams of  daily  discharge,  constructed  from  these  tables,  were  pub- 
lished in  the  Twenty-first  Annual  Report,  Part  IV,  pages  79  and  8i», 
and  figures  for  the  monthly  flow  for  1899  on  page  78  of  that  report. 
The  following  records  of  daily  discharge  for  1900  are  furnished  by 
Mr.  John  E.  Codman,  hydrographer  of  the  water  department  of 
Philadelphia. 
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Daily  discharge ^  in  second-feet,  of  Perkiomen  Creek  at  Frederick^  PeniMylvania, 

f&r  1900, 


[Continued  ii.  Water-Supply  and  Irrigation  Paper  Mo.  48.] 


O 


Day. 

Jan. 

Feb. 

Mar. 

860 
1,648 
1.212 
871 
190 
342 
368 
219 
203 
188 
193 
208 
208 
206 
219 
255 
200 
260 
267 
099 
415 
273 
255 
267 
198 
178 
168 
158 
133 
118 
128 

1 
Apr.. 

May. 

June. 

52 
56 
65 
46 
52 
52 
46 
49 
44 
23 
48 
68 
54 
52 
65 
54 
51 
46 
46 
49 
49 
46 
46 
87 
84 
88 
41 
46 
41 
86 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

52 

58 

48 

85 

82 

80 

38 

36 

48 

41 

64 

2,071 

460 

123 

108 

185 

138 

101 

128 

2,842 

1,147 

358 

249 

196 

185 

208 

188 

178 

168 

158 

158 

168 

178 

178 

188 

3.606 

772 

284 

1,505 

1,870 

198 

198 

198 

3,112 

772 

284 

208 

198 

188 

168 

158 

146 

2,501 

1, 984 

615 

442 

875 

889 

860 

148 
158 
148  . 
138 
133 
123 
115 
vw 
93 
98  ; 
88  ! 

186  : 

163 
183 

,   101 
98  . 

,   145 
862  1 

;  1,212 
815 
195 
178 
173 
168 
138 
115 
93 
84 

1   84 

84 

80 

102 

110 

84 

60 

56 

63 

67 

75 

63 

58 

62 

56 

63 

58 

58 

58 

585 

698 

246 

129 

98 

88 

102 

102 

80 

67 

71 

67 

58 

29 
24 
84 
62 
71 
71 
52 
88 
81 
86 
86 
64 
52 
88 
26 
24 
22 
24 
41 
41 
24 
18 
18 
255 
690 
1,506 
245 
116 
71 
52 
185 

84 
64 
54 
45 
51 
47 
86 
36 
36 
34 
24 
86 
41 
81 
26 
26 
81 
122 
198 
98 
68 
54 
41 
81 
81 
68 
80 
58 
52 
4G 
48 

41 
81 
29 
36 
81 
29 
29 
26 
81 
81 
22 
14 
23 
36 
47 
58 
44 
83 
31 
31 
33 
31 
33 
38 
36 
33 
86 
36 
36 
36 

86 
86 
86 
31 
26 
58 
47 
36 
38 
84 
37 
81 
26 
89 
68 
67 
52 
46 
46 
46 
41 
36 
86 
31 
26 
28 
26 
26 
36 
31 

41 

• 

41 
86 
81 
.31 
86 
86 
41 
41 
88 
48 
82 
46 
67 
42 
81 
8] 
29 
24 
20 
24 
81 
86 
81 
81 
41 
150 
222 
128 
^58 
68 

58 

•> 

56 

3 

44 

4 

270 

5 

565 

tt 

197 

107 

8 

75 

9 

67 

10 

68 

11 

68 

12 

52 

13 

43 

14 

43 

15 

43 

16 

88 

17 

86 

18 

86 

19 

30 

88 
41 

21 

41 

22 

86 

23 

44 

24 

65 

25 

26 

68 
63 

27 

47 

28 

47 

29 

47 

30 

86 

31 

207 

Mean 

299 

741 

821 

178 

1 

117 

47 

127 

54 

33 

88 

50 

84 

